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ABSTRACT - Built structures in rockshelters are relatively common archaeological features in the 
Pilbara that have been neglected in the published literature. Drawing primarily on grey literature, 
coupled with new data from recent investigations, this paper provides a review of current knowledge 
about these enigmatic structures. Results show that these features are found across the Hamersley 
Plateau, although are especially abundant in the Packsaddle Range, and in the Chichester Ranges. 
Most are likely to be late Holocene features, concurrent with a suite of other changes that occurred 
during that period. The current practice of grouping all built structures in rockshelters into a single site 
type (i.e. '(hu)man-made structures') conceals wide variation amongst them. A typology is suggested 
based on morphological and contextual features to allow better characterisation of these features, 
thereby improving understandings of their distribution and functions, and facilitating more adequate 
assessments of their significance in management contexts. 
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INTRODUCTION 

So-called ‘built structures’ (aka ‘walled structures’) in 
rockshelters are a notable component of the archaeology 
of the Pilbara region of Western Australia (WA). These 
features are typically categorised by the Department 
of Aboriginal Affairs (DAA) in the ‘(hu)man-made 
structures’ site category, defined as, ‘The placement 
or arrangement, by Aboriginal people, of stone, wood 
or other material made into a structure for ceremonial 
or utilitarian purposes’. Depending on their assumed 
or known function, they can also be covered by the 
DAA definition for a ‘repository/cache’, this being ‘A 
place were [sic] cultural or utilitarian objects are/were 
taken, or stored, by Aboriginal people, either past or 
present’. Structures ranging from single standing stones, 
to complex stone arrangements in open contexts, to 
rock piles in both open and closed contexts, through 
to expanses of rock walling of varying heights and 
lengths built in rockshelters, all fall within the definition 
given for a (hu)man-made structure. This paper is only 
concerned with structures built of stone that occur in 
rockshelter contexts. 


As Comtesse and Harris (2008: 26) noted, built 
structures in rockshelters present several research 
questions of interest: 

• What is the antiquity of these structures? 

• Does their appearance correspond with any other 
changes observed in the archaeological record? 

• Are they linked to either use of the Hamersley 
Plateau as a refuge during the Last Glacial Maximum 
or intensification in the late Holocene? 

• What are the methods of their construction? and, 

• What function(s) did they serve? 

Despite their relatively common occurrence and 
potential for research, built structures have received 
surprisingly little attention in the literature. Early 
systematic overviews of stone structures in Aboriginal 
Australia by Mountford (1940) and McCarthy (1940) 
made no reference to the Pilbara built structures. Neither 
did Memmott’s (2007) more recent continental review 
of Aboriginal architecture (though he did describe 
stone-walled hunting hides, bird hides, housing and 
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windbreaks from other parts of the country [Memmott 
2007: 184-205]). With one notable exception — that 
by Bindon and Lofgren (1982) — most accounts of 
built structures in Pilbara rockshelters are found in 
unpublished consulting reports. Any discussions of these 
features in such accounts are inevitably hampered by 
the lack of access to knowledge about similar sites in 
adjacent areas. 

In order to address the dearth of published information 
and to consider the research questions posited by 
Comtesse and Harris (2008), this paper reviews current 
knowledge about built structures in rockshelters in 
the Pilbara. It is primarily based on unpublished 
consultancy reports, and includes new data from recent 
investigations into two such features in the Packsaddle 
Range that directly address the question of their 
antiquity. 

DISTRIBUTION 

More than 25 years ago, Brown (1987: 46) suggested 
that built structures appeared to be more common 
in the Packsaddle Range in the central Pilbara than 
elsewhere. While subsequent research has demonstrated 
some truth to this statement (e.g. Comtesse and Harris 
2008: 18; Haast n.d.; Huonbrook Environment and 
Heritage [HEH] 2012a, 2012b), it is now apparent that 
these features also occur well beyond the Packsaddle 
Range right across the Hamersley Range and into the 
Chichester Range (e.g. Jackson and Di Lello 2003; 
Jackson and Martin 2000; Mattner et al. 2014; Slack 
2008; Westell and Wood 2012, 2013, 2014). 

Using site location data provided directly by DAA 
and BHP Billiton Iron Ore (BHPBIO), the distribution 
of built structures in rockshelters is shown in Figure 
1, demonstrating their presence across the Pilbara. 
It is acknowledged that these figures are unlikely to 
be comprehensive for various reasons, and also that 
repositories/caches are also likely to be severely under¬ 
represented given the tendency of consultants to use 
the more generic (hu)man-made structure category. 
However, the available data are adequate to describe the 
general distribution of these features 1 . 

FUNCTIONS 

A characteristic of many reports describing built 
structures is the limited discussion about their potential 
function^). Part of the reason for this is their lack of 
mention in ethnographic accounts of the Pilbara (e.g. 
Withnell 1901), though Bindon and Lofgren (1982: 123) 
noted that this was likely in part to be due to an overall 


lack of ethnographies in the region generally 2 , rather 
than this site type being neglected in ethnographies 
per se. To address this dearth of information, in the 
section below we systematically consider the range 
of functions that built structures in rockshelters 
may have served, including as animal habitats, 
hunting devices, caches, burial chambers and ‘home 
improvements’ (incorporating such options as steps, 
ladders, windbreaks, fences etc.), as well as for spiritual/ 
religious purposes. 

ANIMAL HABITATS AND HUNTING DEVICES? 

The most detailed published investigation thus far 
of Pilbara built structures, with the most considered 
discussion of function — and the one that is cited most 
often by others — is that by Bindon and Lofgren (1982) 
of Packsaddle Range site P4349. This particular site 
contained four walled chambers, the walls comprising 
flatfish 30 cm 3 slabs of locally available banded iron 
formation (BIF) laid atop each in ‘random jointing 
patterns’ that were one slab wide (Bindon and Lofgren 
1982: 115). Based on this structure, Bindon and Lofgren 
(1982: 115) concluded the walls ‘were not intended to 
completely seal the area enclosed behind them’. Hollow 
tree trunks measuring c. 50 x 10 cm were placed 
horizontally in some walls so as to penetrate them, while 
other walls had one or two slabs apparently deliberately 
missing to allow openings. The area behind the wall 
they dismantled was too small to enter, and its floor was 
c. 40 cm higher than the rest of the shelter and covered 
with ‘fist-sized’ rocks that had fallen from the walls and 
ceiling, along with twigs and spinifex, atop which was a 
spear. Bindon and Lofgren (1982) noted that there were 
other walls in rockshelters in the immediate area, but 
none of those were investigated. 

In speculating on the uses of these walled chambers, 
Bindon and Lofgren (1982) argued that they were likely 
related to better procurement of animal resources: 

... fissures and niches were walled to encourage 
habitation by small game and perhaps to aid 
in making their capture more certain. In our 
interpretation the walls can be regarded both as 
a hunting device and as a strategy to increase the 
resource potential of the area (Bindon and Lofgren 
1982: 123). 

Thus they argued that walled chambers provided 
favourable habitats for a range of animals, such as rats, 
possums, pythons and goannas, and made their locations 
predictable, facilitating a reliable food source that 
might potentially be related to the use of the region for 
ceremonial gatherings. 


1 Ken Mulvaney (personal communication to LW 22 February 2016) advised thatthe RioTinto internal database does not distinguish between rockshelters 
containing built structures and those with other sorts of archaeological remains, and so data on such sites in Rio Tinto tenements were unable to be 
included in this figure. 

2 They referred to a manuscript in preparation by Clarke and Clarke that had some contemporary accounts that mention built structures in rockshelters, 

but no further information was given and we have been unable to track down the cited manuscript. 
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FIGURE 1 Map showing the location of rockshelters containing built structures in the Pilbara (based on data provided 

by DAA and BHPBIO). 


The notion of built structures serving to make the task 
of finding prey more predictable finds some support in 
a statement by Kimber (1982: 14), who noted that wet 
weather shelters containing ‘rough entrance “walls’”: 

appear to have made certain of the cave- 
shelters more appealing to euros (hill kangaroos) or 
wallabies. Thus Walpiri men have, during the 1970’s 
[sic], kept such favoured shelters in mind when on 
hunting expeditions. 

The argument that built structures possibly served 
as animal habitats is commonly cited in consulting 
reports, but has received little critical consideration. 
One exception to this is a recent unpublished report 
by Haast (n.d.) who undertook a desktop study of 30 
built structures occurring within BHPBIO project 
areas, focused on linear structures positioned to block 
entrance to, or to conceal areas within, a rockshelter. 
Only 30% of the structures she considered were located 
at a rockshelter entrance and, of those, most ‘did not 
contain artefacts and ... are located on a ... severe slope’, 
features that Haast (n.d.: 18-19) considered ‘would be 
expected in areas used to create animal habitat’. Results 


further indicated a tendency for rockshelters containing 
built structures to face west, an aspect that Haast 
(n.d.: 18) argued would be favoured by cold-blooded 

animals (such as reptiles) seeking to regulate their body 
temperature. As such, Haast (n.d.: 20) concluded that, in 
line with Bindon and Lofgren’s (1982) hypothesis, habitat 
creation was most likely the function of linear structures 
built either within or at the entrance to rockshelters. 
However, east (or even south) facing rockshelters would 
provide access to the morning sun, therefore allowing 
reptiles to warm up and become active earlier in the day, 
and would presumably have been favoured rather than 
west facing shelters if habitat creation was their purpose. 

Further, given the abundance of hundreds, if not 
thousands, of rockshelters and many more small crevices/ 
niches that without any human intervention already serve 
as animal habitats, the argument that walls were built to 
construct more such habitats is somewhat unsatisfying, 
especially as there was no long term way of ensuring 
that animals would use humanly constructed niches 
in preference to those that were naturally available 
(although in the short term baiting may have been an 
option). This is not to say that such a use was never 
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possible, but that this explanation is inadequate or 
inappropriate in many instances. In this particular 
instance, various ethnographic accounts from elsewhere 
in the arid zone routinely refer to spinifex being used 
as padding (Pitman and Wallis 2012), and its deliberate 
placement along with the presence of a spear in site 
P4349 seems more in keeping with that particular built 
structure being used as a cache, contrary to Bindon and 
Lofgren’s (1982) conclusion. As such, a more detailed 
consideration of the specific evidence in each situation is 
required. 

Walled structures located at the front of shelters 
might potentially have served as hunting hides. In 
his review of Australian stone arrangements, Kimber 
(1982: 12) described ‘low stone-walled structures, large 
enough for a person to lie in or crouch behind and be 
well hidden’, these were usually 0.5-0.7 m in height 
so that spears could be thrown from behind but not 
accidentally caught on the wall as they were being lifted 
to be thrown. However, Kimber (1982) did not mention 
their occurrence in rockshelters or in the Pilbara itself 
and such hunting hides were typically in open contexts, 
close to water or animal pads. Darrell Lewis (1988; pers. 
comm, to LW 2012) and Mulvaney (1993) described 
similar structures from the Victoria River District (see 
also Gara 1984 as cited in McDonald and Veth 2009: 
53; Memmott 2007; O’Connor 1987; Vinnicombe 1987). 
None of the known examples of built structures in 
Pilbara rockshelters match these descriptions and their 
positioning makes it highly unlikely they functioned as 
hunting hides per se, though they might, as Bindon and 
Lofgen (1982) allowed, have been a ‘hunting device’ (see 
also the discussion of the PIL 5841 case study). 

CACHES? 

Given that one of the P4349 chambers contained a 
cached spear, what evidence is there that other built 
structures in Pilbara rockshelters may have served as 
caches? 

Strano and Pervan (2014) recently deconstructed 
nine built structures — predominantly comprised walls 
sealing small alcoves, though there was one wall sealing 
a main entrance — in rockshelters in the Packsaddle 
Range and found no associated cultural material behind 
any of the structures. However, in 13% of the linear built 
structures that Haast (n.d.) reviewed, artefactual material 
was found behind the structures although she did not 
specify what the concealed materials were 3 . As such, 
she concluded that a caching function for ‘at least some’ 
linear built structures in the Packsaddle Range was 
possible, though it was not a ‘primary function’ (which, 
as noted earlier, was concluded to be as animal habitats). 

A good example of a built structure with a definite 
cache function is shown in Figure 2, from the PIL_2258 
rockshelter in the Packsaddle Range. The excellent 


structural integrity of this feature allowed Banjima 
representatives to demonstrate the presence of what they 
termed a ‘window’ stone that could be removed to allow 
access to an interior chamber in which materials could 
be stored. In this instance nothing remained inside the 
chamber, but the Banjima representatives had no doubt 
that this had been its main function — the absence of 
cached material did not preclude this interpretation. One 
of the case study sites presented below, PIL 6000 (also 
in the Packsaddle Range), also clearly had a caching 
function. 

As at least some of the built structures of the Pilbara 
functioned as caches, we might consider the types 
of materials they may have contained. The Newman 
rockshelter (P2055) was originally recorded by Clarke 
and Smith (1979) and subsequently excavated in 1980 by 
Troilett (1982). P2055 contained a stone ‘arrangement’ 
in its western chamber, within the loose sediment of 
which were four stone cores. As such, Brown (1987) 
interpreted it as possibly having functioned as a cache. 
No other reports from the Pilbara have yet been found of 
instances where lithic raw materials have been cached in 
such a manner. 

Perishable foodstuffs (e.g. seeds) and/or organic raw 
materials might also have been cached behind or in 
built structures. The Pilbara is one of the few regions in 
Australia where ethnographic accounts suggest spinifex 
seeds may have been occasionally utilised as a food 
source (Pitman and Wallis 2012), while the exploitation 
of Acacia seeds is well documented (e.g. Juluwarlu 
Aboriginal Corporation n.d.; Moore 2005; Olive 1997). 
However, the inability to deter mice and other rodents 
from entering built structures would possibly preclude 
effective caching of seeds therein unless they were 
cached in a specific fashion designed to deter such 
predation. 

Beyond seeds, a passage from one of the few 
ethnohistorical sources for the Pilbara may be of direct 
relevance. Emile Clement, a German ethnographer/ 
collector who travelled along the northeast margin of 
the Hamersley Plateau during 1896-1898, described an 
account of meat being dried: 

Should there be a very great supply of meat, they 
sun-dry it, especially if they are on the point of 
going on a long journey in shifting their camp or 
hunting-ground. The sun dries the meat as hard as 
a bone. Before use, it is steeped in water, pounded 
between stones and eaten (Clement and Schmeltz 
1903: 3). 

This tantalising glimpse into the possibility that dried 
meat could also have been stored in built structures, 
especially those situated in dark cool caves, is further 
supported by contemporary Kuruma Marthudunera 
traditional knowledge. Recounting information provided 


3 Further, she noted that in many cases the walls had not been deconstructed and so it was not known whether anything was once cached behind them, 
and therefore this figure may be under-representative. 
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FIGURE 2 The built structure in PIL_2258 that served a caching function, with Banjima representative Yuddy Butler 

holding the 'window' stone allowing access to the interior chamber. 


to him by other Kuruma men, specifically Gordon 
Lockyer and Algy Paterson, Brendon Bobby (pers. 
comm, to LW Dec 2015) recalled the practice of drying 
entire goannas that could subsequently be pounded up 
and eaten (see also Brehaut and Vitenbergs 2001: 116). 
Likewise, he advised that strips of flesh could be cut 
from a kangaroo and dried on rocks in the sun. The 
dried meat was then placed on a yandi (coolamon), 
covered with spinifex, and subsequently concealed with 
rocks to protect it from predators for periods of 4-6 
months. When required, the meat, which had the texture 
of jerky, could be eaten as is, or rehydrated and pounded 
into a ‘damper-like’ meal. Brown (1987: 17) also 
reported food and personal equipment historically being 
stored in rockshelters, with ‘walls’ being constructed 
to keep dogs out. Given the unfavourable preservation 
conditions for organic materials in Pilbara rockshelters, 
dried meat or any other perishable foodstuffs or raw 
materials are unlikely to be found routinely in built 
structures today, though recent advances in ancient 
DNA analysis as well as phytolith analysis (cf. Wallis 
2001, 2003) might allow the testing of sediments within 


built structures to determine the prior presence of now 
long-gone foodstuffs or other organic materials. 

Other items that might have been stored in built 
structures in rockshelters could include ceremonial 
paraphernalia, where concealment may have been just 
as important as physical protection. Aboriginal groups 
of the arid zone had a decentralised religious structure 
accompanied by a rich material culture (Berndt 1974; 
Smith 2013: 217) and ceremonial items were reportedly 
placed in niches or caves for their protection: 

In each Oknanikilla or local totem centre, there 
is a spot called by the natives the Ertnatulunga. 
This is, in reality, a sacred storehouse, which 
usually has the form of a small cave or crevice in 
some unfrequented spot amongst the rough hills 
and ranges which abound in the area occupied 
by the tribe. The entrance is carefully blocked up 
with stones so naturally arranged as not to arouse 
suspicion of the fact that they conceal from view the 
most sacred possessions of the tribe (Spencer and 
Gillen 1927, see also 1899 and 1904). 4 


4 This source was accessed as an electronic document and therefore page numbers are not available forthis direct quote. 
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Similarly, and with specific reference to the Walpiri 
people, Kimber (1982: 16) noted that ‘the retrieval of 
sacred objects from a sealed-off crevice resulted in the 
stone used in the sealing-off being stacked neatly near 
the entrance’. Kimber (1982: 15) also noted the use of 
stone ‘heaps’ in eastern Aranta and Pintupi Country ‘as 
protective covers for sacred objects: great care is used in 
the removal — and later replacement — of the covering 
stones when the objects are viewed’ 5 . 

Tindale (1974) suggested that Western Desert lore had 
become highly influential in the Pilbara region in the last 
few hundred years, with social influences moving east 
to west (see also Gibbs and Veth 2002: 17; McDonald 
and Veth 2013). Although rock art studies indicate 
that the Pilbara had a distinctly different graphic 
system compared to that of the Western Desert (Smith 
2013: 241), the rock art of the margins of the Western 
Desert shows influence from the Pilbara (Smith 2013: 
259). A recent study of the painted art of the central 
Pilbara by Wallis et al. (2015a, 2015b) also suggested 
that there are shared elements between the Western 
Desert and central Pilbara motif repertoires. As argued 
by McDonald and Veth (2013), rock art was used to 
negotiate broad-scale and local group identities, with a 
decrease in petroglyph production and an increase in 
the construction of stone arrangements at aggregation 
locales. A key component of the evidence on which 
McDonald and Veth (2013) based their argument was 
the increase in intensity of site use (more sites being 
occupied and an increase in artefact discard rates in 
occupied sites) (e.g. Comtesse and Harris 2008; HEH 
2013), along with the appearance of stone arrangements 
(cf. Hook and Di Lello 2010). The abundance of stone 
arrangements in the Packsaddle Range has also led some 
to argue that it was a ‘travelling through’ area (Brown 
1987; Comtesse and Harris 2008), linked to the carrying 
out of ceremonial activities (though this may also be in 
part an artefact of the number of surveys undertaken 
in the local area). Following this line of argument, it 
is possible that at least some of the built structures, 
particularly those of a free standing cairn type (such as 
those seen in PIL_6000 and PIL_2258) and/or those that 
seal small crevices/niches, may be associated with the 
protection of ceremonial objects that were not to be seen 
by uninitiated people (Brehaut and Vitenbergs 2001: 8). 

BURIAL CHAMBERS? 

Some of the built structures in the Pilbara could also 
relate to burial traditions, whereby they served either 
as primary or secondary interment sites. Unfortunately, 
limited information is available about traditional burial 
practices in the inland Pilbara. Clement and Schmeltz 


(1903: 8) described the manner of northwest Australian 
funerary rites as follows: 

The body is either carried upon the hill tops, where 
it quickly mummifies or is placed in a shallow grave 
in a sitting posture. Some tribes place the dead on 
trees or in hollow tree-trunks. After some time, 
if the deceased was a man, the widow takes the 
thigh-bone and carries it about with her for several 
years and some of the smaller bones are secured by 
the relatives, especially if the departed was a great 
hunter. 

This account is corroborated by Daisy Bates, who 
recorded that, in the Pilbara, some corpses were placed 
in rockshelters until they had become skeletonized, after 
which relatives took away several of the smaller bones 
which they carried for some time (White 1985: 308- 
309). She also noted that in some instances secondary 
burial of the larger bones and skull might occur in 
rockshelters or ‘under boulders’. Brehaut and Vitenbergs 
(2001: 40) recounted burials occurring in caves, after 
which ‘the opening would be closed with stones and a 
small stone cairn outside usually marked the site’. 

Archaeologically, there are limited data about such 
practices. When recording a walled rockshelter near the 
Brockman Detritals Mine, Jackson and Di Lello (2003: 
16) reported that Gurama elders had suggested to them 
that walled structures may have been used to protect 
burials but they were unable to positively confirm this. 
Likewise, in the central Pilbara Wallis et al. (2015a, 
2015b) recorded a large rock pile (measuring c. 3 m in 
length by 1 m in width by 0.75 m in height) against a 
wall in a rockshelter marked by a nearby scarred tree, 
with two additional small walled structures sealing 
small niches in close proximity. Upon viewing this 
site the Banjima representatives present advised that 
the large structure was a burial, an assessment not 
inconsistent with its morphology, though no human 
bones were observed (Figure 3). Bindon and Lofgren 
(1982: 116) noted the ‘complete lack of human bone 
fragments or appropriate cultural material together with 
the absence of any of the usual markers’ 6 excluded the 
built structures they examined at P4349 as having served 
as burial chambers. 

To date, no published accounts of built structures 
protecting confirmed burials in the Pilbara are available; 
such reports are typically confidential (e.g. Bunting and 
Lantzke 2007) and not easily accessed, and it is therefore 
not possible to confidently assess how widespread 
such practices may have been. If burial behind stone 
walls, under rock piles or as secondary interments in 
cairns was practiced throughout the Pilbara, as Brehaut 
and Vitenbergs (2001: 42) described occurring in the 


5 This suggests that haphazard arrangements of stones near built structures would be more likely to be the result of inquisitive Europeans or the effects 
of decay through time than Aboriginal activity. 

6 Though they did not specify what the 'usual markers' would be. 
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FIGURE 3 A built structure in the Dowling Springs gully that may have served as a burial, with Banjima representative 

Paul Ryan seated. 


ranges where digging a grave was difficult, it seems 
that this practice was not done as frequently as in the 
Kimberley and Arnhem Land regions, where interment 
in rockshelters was common practice 7 . 

If structures were built to protect burials, it might 
be less likely that people would have inhabited such 
sites, and thus a lack of occupation evidence might be 
expected, though this is dependent on the specific beliefs 
of people which can vary considerably throughout 
time and geographically. Offering some support to this 
notion, Haast (n.d.: 22) noted that many rockshelters 
containing built structures amongst her study sample 
possess ‘no other archaeological features except the 
walls’ and, those sites with walls and artefacts, had 
‘limited evidence for occupation or other ceremonial 
practices such as rock art’ (Haast n.d.: 20). 

HOME IMPROVEMENTS? 

Another possible function of some built structures that 
has not been well expressed or discussed in the available 
literature is a category loosely grouped here as ‘home 
improvements’. The concept of moving rocks to make a 
rockshelter more habitable was first proposed by Kimber 


(1982: 14), who noted that wet weather shelters: 

... may incorporate what appear to be stone 
arrangements. At the entrance to some of the 
shelters are rough lines or piles of stones. Such a 
line does not denote a protective device, but instead 
marks the line of cleaning of the inner area to allow 
both greater comfort and more room. 

As such, some built structures may have been a by¬ 
product, rather than the intended outcome, of deliberate 
human activities. However, the extensive nature and 
careful construction (forming deliberate walls rather 
than haphazard piles) of some built structures, and the 
abundance of rocks still remaining on the shelter floors 
in other examples, counts against this explanation in 
many instances. 

Mulvaney (1996: 13, 17) also recounted Mirriuwung 
and Gadjerong information about the construction of 
a stone barrier along the front of a rockshelter to keep 
the water out during a heavy rainstorm in the 1930s. 
He noted such features were not uncommon in the 
region, and were known in the Mirriuwung language 
as karltonjaldi , literally meaning ‘stone-breakwater’ 
(Mulvaney 1996: 13). Given the severe rainstorms 


7 Gunn et al. (2010,2012) have also reported dingo burials in 'walled chambers' in rockshelters in Arnhem Land. 
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associated with cyclonic activity that occur seasonally 
in the Pilbara, it is possible that some stone structures 
near the front of Pilbara rockshelters could have served 
similar purposes. 

Based on their own experiences with native wildlife 
during fieldwork, Comtesse and Harris (2008: 151) 
suggested that built structures sealing crevices may 
have been ‘preventative measures ... to ensure safety 
from reptiles and insects while the front of shelters 
were utilised for sleeping, resting and maintenance 
activities beside a fire’. However, this proposition seems 
unlikely as crevices could not be entirely sealed, and, 
as Comtesse and Harris themselves discovered, they 
attracted, rather than repelled, reptiles and insects. 
Further, this is a very Eurocentric view of what 
comprises a suitable habitation site, since some insects, 
such as bees, were a useful addition to a site because of 
the resources they provided. 

Jade Pervan (pers. comm, to LW 2014) suggested 
that some built structures may have been constructed 
to prevent infants from inadvertently crawling into 
dangerous crevices. Given the lack of any other obvious 
explanation and the absence of cached materials behind 
many built structures, this argument seems logical and 
offers a more nuanced and gendered perspective on the 
Pilbara archaeological record than has previously been 
advocated. This is a hard hypothesis to test, however, 
though perhaps an association between built structures 
and rockshelters showing clear evidence of habitation, 
preferably with seed grinding stones to demonstrate the 
definite presence of women (and by inference children) 
would lend weight to it. Nonetheless, if this was a 
function of built structures, one might question why 
they are not found in all geographic areas of Australia 
throughout all time periods. 

With broader reference to Central Australia and the 
Western Desert regions, Kimber (1982: 15) noted that 
some rockshelters contain rock piles deliberately placed 
to serve as steps, allowing access to hollows containing 
sacred objects. This proposition was also argued 
by Jackson and Fry (2001: 66) for a particular built 
structure in a central Pilbara rockshelter: 

The presence of this cairn feature is consistent with 
the concept of them functioning as ‘step ladders’ to 
facilitate ease of access to overhead features. In this 
case, a long deep crevice is present just above the 
dripline and can only be reached by standing on the 
cairn which is positioned directly below. Birds may 
have nested in this crevice and people would have 
used the cairn as an aid in harvesting the eggs or 
people may have cached items in the crevice. 

In the Broc km an area of the central Hamersley Plateau 
(west of Packsaddle) the main forms of built structures 
appear to be rock piles, typically in the absence of other 
archaeological material, though some walls erected at 
the entrances to small (non-habitable) rockshelters or so 
as to seal crevices within shelters are also known (e.g. 
Jackson and Di Lello 2003; Jackson and Martin 2000; 
Slack 2008; Westell and Wood 2012, 2013, 2014). The 


interpretation of rock piles as steps was considered by 
Westell and Wood (2014: 56) to be the ‘most logical 
suggestion’ as to the function of many such structures 
in the Brockman region. A review of rock pile positions 
in the Brockman region was consistent with their 
being ‘constructed where the drip-lines are highest 
and therefore require scaffolding to access’ (Westell 
and Wood 2014: 56). They do point out that the drip¬ 
line height above rock piles is rarely recorded and that 
some rock piles had been ‘erected below low accessible 
drip-lines or where there is no possibility of reaching 
the shelter ceiling even with the aid of the cairn (e.g. 
WELT1114, MTW13 22)’ (Westell and Wood 2014: 
56). Steps were also the explanation most favoured 
by Warren (2000) and Dias et al. (2011: 93) for built 
structures in the MAC-FS14/DAA 17631 rockshelter in 
the Packsaddle Range. Further afield in the Murchison, 
wooden scaffolding with stone bases has also been 
documented at the Wilgie Mia ochre quarry, which 
provided access to ochre seams (Davidson 1952: 83-84; 
Smith 2013: 279). 

A recent observation in the central Pilbara during 
an investigation with Banjima representatives revealed 
two sturdy branches surrounded by rocks that had been 
positioned in the PIL 2000 rockshelter. Somewhat 
similar to steps, it is possible that these structures served 
as ‘ladders’ allowing access to crevices and hollows 
in high parts of the rockshelter. Each branch was 
supported at its base by a series of carefully positioned 
rocks that ensured the branch did not easily move. If 
the branch had decayed (or been displaced), the pile of 
rocks would remain, with little hint as to its original 
function. Another interpretation of upright branches in 
rock piles was offered by Banjima elders. When asked 
about the purpose of such a structure from another 
previously undocumented rockshelter in the Packsaddle 
Range, they advised it would have originally formed 
a windbreak, with the main branch once having been 
supplemented by numerous leafy branches leaning 
against it (Wallis and McBride 2015). Other potential 
support for the use of windbreaks in Pilbara rockshelters 
can be found in the excavations at rockshelter P5315 
in the Packsaddle Range, where Brown and Mulvaney 
(1983: 56-57, 80) identified a stratigraphic feature they 
interpreted as a post-hole, suggesting it may have been 
part of a wind-break or humpy (cf. Gould 1968:112). 

Of final relevance here are some ethnohistorical 
accounts of built structures being used as ‘fences’ to 
constrain dingo pups. For example, in the Kimberley 
region, Love (1936: 176) mentioned such enclosures 
of stone, and while his examples did not occur in 
rockshelters, it is possible that some built structures in 
the Pilbara might have served such a purpose. 

SPIRITUAL/RELIGIOUS PURPOSES? 

Haast (n.d.: 20) also acknowledged that built 
structures, particularly walls, might have served as 
warning mechanisms to keep people away (or to keep 
spirits contained within them). While the limited 
ethnographic accounts directly referring to built 
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structures in rockshelters make it difficult to elaborate 
on this acknowledgement, there are some suggestive 
mythological stories, such as the Kariera story of 
Eaglehawk and Crow, which features eaglehawks 
being sealed up inside a cave using rocks (Brown 
1913: 169-170). Elkin (1993: 124) also noted that 
‘ghosts’ and totems could reside in caves. Furthermore, 
anecdotes from colleagues working with Traditional 
Owners in the Pilbara are also supportive of spiritually 
protective functions of built structures (Jillian Barteaux 
pers. comm, to LW Dec 2015). Clearly there is a 
need to explore this aspect in greater detail with 
senior Traditional Owners before going further with 
interpretations along these lines. 

ANTIQUITY 

Unsurprisingly given their predominantly inorganic 
nature, built structures have proven difficult to date. 
Most speculation about the antiquity of these features 
has focused on dates obtained from excavations 
within the rockshelters in which they occur, as 
opposed to direct dating of such structures themselves. 
Unfortunately, such dates only give ‘an indication [of] 
a given period when the rockshelters were occupied 
and [the built structures] are therefore not likely to have 
been constructed before this time’ (Comtesse and Harris 
2008: 150). 

On the basis of the associated excavation results from 
four sites, Brown (1987: 47) tentatively posited that built 
structures ‘are late Holocene features, somehow linked 
with the increasing use of this marginal environment 
in late Holocene times’. This proposition seems to be 
generally well supported by the radiocarbon dates 
obtained subsequently, though there are some exceptions 
(Table 1). The PIL261 excavation recovered a single 
stone artefact associated with a 23,530 bp date, but no 


surface artefacts excepting a built structure. PIL_552 
contains a Pleistocene archaeological sequence, with 
a rock wall at the contemporary ground surface. The 
DAA 22283/22285 (MAC04-06/PIL_542) site, which 
contains a built structure, was first occupied in the late 
Pleistocene, though the site was most intensively used in 
the period 1200 cal. BP to the present. 

Yet, despite these Pleistocene age determinations, in 
all instances it seems more reasonable to assume that 
the current built structures were related to more recent 
phases of site use. However, this is not to say that now 
deconstructed stone arrangements could not have existed 
in an earlier time. Part of the reasoning behind this 
is the fact that all known built structures occur at the 
contemporary ground surface, rather than in excavated 
or partially buried contexts. This strongly suggests 
insufficient time has elapsed since their construction 
to allow sediment to build up against their outer, lower 
levels (though in some instances the structures have 
served as a sediment trap, allowing some sediment to 
build up against their inner, lower levels). 

The following section presents a case study of two 
morphologically different built structures in rockshelters 
in the Packsaddle Range that sheds some light on the 
issues of their antiquity, as well as function. 

CASE STUDY: 

TWO BUILT STRUCTURES IN THE 
PACKSADDLE RANGE 

PIL 5841 is a large, high ceilinged rockshelter with 
two entrances, located at the base of the eastern side of 
a large cliff, along a north-west to south-east trending 
gully in the Packsaddle Range (Czerwinski 2013: 26) 
(Figure 4). The built structure associated with PIL_5841 
can be considered as a ‘wall’, measuring c. 1.2 m long by 
1 m high by 0.4 m thick and was positioned in the more 



FIGURE 4 


Revised site plan for PIL_5841 (modified from the original site plan from Czerwinski 2013:29). 
















TABLE 1 Summary of rockshelters containing built structures that have been subject to excavation. 
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FIGURE 5 View looking west into the PI L_5841 site, showing the built structure in June 2014 prior to deconstruction 

to the left and the other opening to the right. North is to the left and increments on the ranging poles are 
20 cm. The wooden logs near the ranging poles were originally positioned atop the structure (Czerwinski 
2013); these were moved by Banjima representatives after the original 2013 recording. During their 
removal, several of the rocks in the wall were displaced, resulting in the opening above the structure into 
the shelter appearing larger in mid-2014 than when originally recorded in 2013. 


northern entrance so as to prevent access via that means 
(though access was still possible through the adjacent 
southern entrance) (Figure 5). Several large pieces of 
wood had been placed on top of it, though no other 
artefacts were recorded at the site. As only one entrance 
to the shelter was walled, Czerwinski (2013: 26) did 
not consider it likely that the feature was designed to 
serve as a cache. Inside the shelter are several hollowed 
out deposits of limonite that were potentially used 
as a pigment source. Numerous small branches with 
evidence for burning on one end are scattered across 
the shelter floor, though there is no charcoal at surface 
level. Excavation within the main chamber revealed 
extensive charcoal at depth, with a very low density of 
stone artefacts. 

In contrast, PIL6000 is a small overhang with a low 
ceiling height and limited living space, located on the 
western side of the base of a BIF cliff, approximately 
1.25 km east of PIL 5841 (Czerwinski 2013: 24, 46-47) 
(Figure 6). The built structure in this rockshelter 
measured c. 1 m long by 1 m high by 1 m thick, with 
larger rocks placed at the bottom of the structure and 
smaller rocks at the top (Figure 7). This structure was 



FIGURE 6 Revised site plan for PIL_6000 (based 

partially on the original site plan from 
Czerwinski 2013:49). 
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positioned under the low ceiling, such that access to 
it required a person to crawl, kneel, sit or stoop very 
low. There was some collapse of the upper part of the 
feature, with no clear window stone apparent. Given its 
morphology and location, Czerwinski (2013: 24, 46-47) 
considered that this structure likely functioned as a 
cache. 

BHPBIO requested detailed investigations of the 
PIL5841 and PIL 6000 sites be undertaken to attempt 
to learn more about the functions, antiquity and nature 
of construction of the built structures in each. 

METHODS 

The built structures in each site were investigated 
through a process of systematic dismantling and 
recording during mid-2014. Digital photographs were 
taken of each structure throughout the dismantling 
process, incorporating reference points whose 
position was recorded with a total station. Temporary 
benchmarks were established near each site using a 
differential global positioning system (dGPS); these were 
then used to link the total station data and photography. 

Before removal, rocks larger than c. 10 cm in 
maximum dimension were given a unique, sequential 
identifier and their location marked on a digital 
photograph of the structure. Marked up photographs 
were later coupled with the total station data in a 
geographic information system (GIS) to create a final 
digital record of the structures. During total station 
recording, on each rock a minimum of four points, but 
more as necessary (up to 20), were taken to capture 
its morphology. The decision was made only to record 
rocks larger than c. 10 cm in maximum dimension as 
these rocks appeared to form the main structural basis 
of the built features. To ensure that the integrity of the 
structure was retained for as long as possible (in order 
to better understand the construction process), care was 
taken to ensure that the removal of each rock did not 
inadvertently cause the movement of adjacent rocks. 

After removal, maximum measurements were taken 
of each rock, including length in any plane, width at 
right angles to the length, and thickness at right angles 
to the width and length. Each rock was weighed to the 



FIGURE7 The built structure in PIL_6000 prior to 

the commencement of deconstruction 
in June 2014. Increments on the ranging 
pole are 20 cm. 


nearest 0.5 kg, and examined to ascertain whether it 
possessed any cultural modifications, such as grinding 
or flaking. On occasion at PIL 5841, the presence 
of large quantities of small rocks and organic debris 
amongst the larger rocks necessitated their collective 
removal; in these instances the material removed was 
weighed and sieved. The positions of any stone artefacts, 
charcoal or pieces of wood located amongst the rocks of 
the walled structures were also given unique identifier 
numbers, plotted using the total station, and retained for 
future analysis. 

Although it had originally been planned to entirely 
dismantle each structure, given the extensive nature of 
the feature in PIL5841 it was decided only to partially 
dismantle it, exposing a cross-section of the wall. A total 
of 59 rocks were removed from across the entire width 
of the PIL_5841 built structure, reducing its height to 
the approximate level of the contemporary interior floor 
surface, before dismantling continued in the central part 
of the structure only. 

Radiocarbon ages presented below were all calibrated 
using OxCal v4.2 with the SHCall3 calibration curve 
(Bronk Ramsey 2009; Hogg et al. 2013). 


TABLE 2 Summary data for the rocks removed from the PILJ5841 built structure. Note that one stone was too 

large to be moved and weighed safely so is excluded from the final row of this table. 


Measurement 

Number of Rocks 

Mean 

Maximum 

Minimum 

Mode 

Median 

Length (mm) 

106 

245 

630 

114 

210 

220 

Width (mm) 

106 

153 

400 

10 

140 

140 

Thickness (mm) 

106 

80 

350 

10 

50 

70 

Weight (kg) 

105 

6 

48 

1 

3 

4 
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FIGURE 8 The built structure at PILJ5841 at the commencement of dismantling. White arrow indicates north and 

increments on the ranging pole are 20 cm. 


RESULTS 

PIL_5841 

Photographs of the PIL_5841 built structure during 
dismantling are shown in Figures 8-10. 

A total of 106 rocks were removed, summary 
information about which is presented in Table 2. The 
largest rock removed measured 630 mm in maximum 
dimension, and the heaviest weighed 48 kg. As 
summarised in Table 2, the average rock measured 
245 x 153 x 80 mm and weighed 6 kg; however, the 
most common rock weighed just half of that, i.e. 3 kg. 
The larger rocks tended to be in the eastern half of the 
structure, while smaller rocks tended to occur in the 
western half. All of the measured rocks were local BIF 
(from which the shelter is formed) and none showed 
any signs of cultural modification (though other similar 
structures have been known to incorporate, seemingly 
on an ad hoc basis, grinding stones; Fiona Hook and Ben 
Fordyce pers. comm, to LW Dec 2015). 

The restricted size of rocks used to construct this 
structure demonstrates the builders had a definite 
preference for rocks that could be easily moved by 
one person, likely sourced from the roof-fall available 


elsewhere in the rockshelter. This is what we would 
hypothesize to be the case with a humanly constructed 
feature as opposed to a natural feature that mimicked 
a humanly built structure and which would consist of a 
random rather than patterned range of rocks. It is also 
not what would be expected if the structure had formed 
as a by-product of a floor clearing exercise to make the 
shelter more habitable. Having said that, the floor is 
relatively clear of rocky debris, though if the wall was 
only a by-product of floor clearing, one wonders why 
people would have expended the effort to construct 
a ‘neat’ coursed structure only in the entrance to the 
shelter, rather than a random pile of rocks. The absence 
of any obvious hearths at the contemporary ground 
surface or stone artefacts (excluding a single retouched 
flake) suggest this shelter was not routinely occupied, 
and therefore clearing of the floor to improve comfort 
levels seems improbable. 

The spaces between rocks in the parts of the structure 
above the modern ground surface contained a mass 
of loose macropod and murid faecal pellets, charcoal, 
seeds and fragments of spinifex. This material appears 
not to have been deliberately placed by people between 
the rocks during construction, but rather to have 
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FIGURE9 The built structure at PIL_5841 at the mid-way through dismantling when the wall had been reduced to 

the level of the interior floor height. Increments on the ranging pole are 20 cm. 



FIGURE 10 


The built structure at PILJ5841 after dismantling had been completed, showing the rich ashy deposit 
underlying the structure (looking east into the outer chamber). 
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accumulated naturally as either (1) material has moved 
downslope from the outer chamber and built-up in and 
against the walled structure, and/or (2) small mammals 
have nested amongst the many crevices formed by 
the stones comprising the wall. As dismantling of the 
structure proceeded and rocks from below the level of 
the modern ground surface were removed, the faecal 
pellets, spinifex, charcoal and seeds continued, but 
were situated within a loose silt-rich deposit that had 
accumulated between the voids. 

It was determined that this built structure was 
underlain by thick ash deposits that appeared to be 
cultural (though only one stone artefact was associated 
with these deposits), rather than sitting atop bedrock or 
roof-fall. A schematic representation of the north section 
of the deconstructed wall (i.e. that shown in Figure 10) is 
presented in Figure 11. 

Two samples from the PIL_5841 built structure were 
submitted to the ANU Radiocarbon Dating Laboratory 
(Fallon et al. 2010): 

• One wood sample from one of the logs originally 
positioned atop the structure (ANU-39037); and, 

• An ash sample from a lens underlying, but seemingly 
not associated with, the structure (ANU-39025). 

A further two charcoal samples from the test-pit 
(Square A) excavated in the outer chamber of PIL 5841, 
one from XU6 (ANU-39026) and the other from XU12 
(ANU-39027), were also dated. Further information 
about the excavation is available in Wallis (2015). 

Radiocarbon dating results are shown in Table 
3. The wooden log sample returned a modern age 
estimate (ANU-39037). The sample from the ash lens 
underlying the rocks in the walled structure returned 
an age estimate of 13,980±80 bp, which calibrates to 
17,193-16,568 cal. BP. The Square A samples returned 
uncalibrated age estimates of 3925±40 bp (XU6), and 
10,765±45 bp (XU12). At the 95.4% confidence interval, 
these calibrate to 4422-4156 cal. BP and 12,734-12,565 
cal. BP, respectively. 

One OSL sample was also collected from underneath 
the PIL 5841 built structure and above the ash lens. 
As shown in Table 4, this produced an age estimate of 
600±300 years. Another OSL sample was collected from 
the north wall of the test pit in PIL 5841 at a depth of 55 
cm below surface, just below the XU12 charcoal sample, 
producing an age estimate of 16,600±3600 years. 

The extremely low density of stone artefacts and the 
limited nature of the faunal assemblage from the Square 
A excavation (see Wallis 2015), coupled with the absence 
of grinding material and a lack of surface charcoal or 
hearths, though abundant charcoal at depth, suggest 
that PIL_5841 was used for non-secular purposes. Burnt 



Contemporary ground 
surface in the 
Outer Chamber 


30 cm 


20 cm 


10 cm 


0 cm 


FIGURE 11 Schematic representation of the exposed 

north section through the centre of 
the deconstructed built structure in 
PIL_5841. The radiocarbon and OSL 
samples were taken from the 'Light 
grey ash lens' unit; the OSL sample was 
taken above the radiocarbon sample. 


wood fragments scattered across the inner, middle and 
outer chamber of PIL_5841 were likely cultural and 
were probably used for the production of light, rather 
than being natural or remnants from a hearth. 

The construction of the rock wall, topped by wooden 
branches, across one entrance had the effect of partially 
restricting access to the rockshelter’s interior (though 
this was still easily available via the still open adjacent 
entrance). It may have served in some manner to protect 
the interior of the shelter from wind; however, given 
the small size and deep nature of the entrances it seems 
unlikely that even without the structure wind would be 
a major factor, regardless of the direction from which 
it was blowing. During the periods of fieldwork at 
the site there was no noticeable change in the impact 
of wind inside the rockshelter after dismantling the 
wall. Whether inadvertently, or by conscious design, 
construction of the wall also reduced the amount of 
sunlight entering the shelter, thereby making the interior 
chamber substantially darker than it would otherwise 
have been 8 ; however, even with the entrance fully 
open, the inner and middle two chambers would have 
remained effectively lightless unless some source of 
illumination was introduced. 


8 Prior to dismantling of the structure it was extremely dark in the outer chamber of PIL_5841; however, as dismantling progressed, more and more light 
was admitted and it became very apparent just how effectively the structure had blocked light from entering. 
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TABLE 3 Summary information about radiocarbon determinations from PIL_5841 and PIL_6000. 


% Modern Calibrated Age 


Lab No. 

Site 

Sample Description 

5 13 C 

Carbon (pMC) 

D14C 

14 C age 

cal. BP (probability) 

39025 

PIL 5841 

Ash lens 

-22±1 

17.55±0.15 

-824.5±1.5 

13,980±80 

17,193-16,568 (95.4%) 

39026 

PIL 5841 

Sq. A XU6 

-25=1=1 

61.34±0.30 

-386.6±3.0 

3925±40 

4422-4219 (85.8%) 

4208-4156 (9.6%) 

39027 

PIL 5841 

Sq. A XU12 

-23=1=1 

26.19±0.14 

-738.1±1.4 

10,765±45 

12,734-12,640 (89.3%) 

12,593-12,565 (6.1%) 

39037 

PIL 5841 

Wood from built structure 

-26±1 

110.15±0.34 

101.5±3.4 

>modern 

na 

39029 

PIL6000 

Wood 

-20±1 

86.04±0.40 

-139.6±4.0 

1210±40 

1182-963 (95.4%) 


As discussed earlier, Haast (n.d.: 19) suggested that 
the use of wood in built structures potentially indicated 
a desire by builders to allow access to areas behind the 
structure or facilitated their easy deconstruction. This 
seems unlikely in the case of PIL5841 for several 
reasons. Firstly, removal of the wood atop the built 
structure did not allow for easy access to the shelter via 
this entrance, as the gap between the top of the structure 
and the entrance ceiling was quite small. Further, the 
other entrance to the site afforded much easier access, 
even when the wood was removed. The presence of this 
southern entrance led Czerwinski (2013) to discount the 
PIL_5841 built structure as having served as a cache, 
which seems logical. 

During fieldwork, following similar discussions held 
between BHPBIO staff members Allan Ewen and Mike 
Marsh, Banjima representative Garren Smith offered 
his views on the purpose of the built structure based on 
the physical evidence and his knowledge of traditional 
cultural practices. Garren suggested that the opening 
may have been sealed to improve the chances of hunting 
success during periods of ceremonial activity, when 
larger numbers of people may have needed to be fed. 
By blocking the northern entrance to the site, macropod 
access to the site was restricted to the southern entrance. 
He posited that some men participating in ceremonies 
in the local area, probably the previous years’ initiates, 
would have been required to provide food for the 
current year’s participants. Rather than ‘aimlessly’ 
hunting, they would likely have targeted locations that 
macropods were known to inhabit, such as the PIL_5841 
rockshelter. Lighting fires, either inside or outside the 
shelter, or a person entering the site with a lit branch, 
would have had the effect of causing panic amongst any 
macropods inside and, with only one means of exit, they 
would have been an easy target for waiting hunters. 

This hypothesis fits well in some respects, though not 
others, with the animal habitat theory posited by Bindon 
and Lofgren (1982). There is evidence that small animals 


used the spaces between the rocks of the PIL_5841 built 
structure for nesting, based on the abundance of loose 
organic materials present. However, the addition of the 
wood atop the structure did not provide a suitable habitat 
for nesting animals or allow escape that was not already 
available via the other entrance. Thus, it seems unlikely 
that the wall was constructed for the purpose of serving 
as an animal habitat per se. 

It is possible that the relatively elevated height of 
the southern entrance may have made it easier to hunt 
from that position, especially after the lower, northern 
entrance was sealed. However, given the close proximity 
of both entrances to each other and their sizes, it is not 
really clear whether a substantial advantage was gained 
by blocking the northern entrance. On the weight of 
the available evidence it seems that blocking ingress 
or egress for prey species to facilitate hunting success 
is a possible function for the built structure blocking 
the northern entrance of PIL 5841, though it does not 
provide a fully satisfactory explanation. 

In summary, the radiocarbon dating of the ash lens 
beneath the walled structure and from the excavation 
within the outer chamber of the site indicates initial 
use of PIL5841 around 17,000 cal. BP, immediately 
after the peak of the LGM. It seems that site use was 
reasonably sporadic until about 4300 cal. BP, when 
there was a peak in both charcoal and stone artefacts 
(though the latter are still found in low density) (Wallis 
2015). The abundant charcoal clearly demonstrated fires 
being lit in the shelter at this time, though the purpose 
was unlikely to be for warmth given the normally 
high temperatures experienced inside the rockshelter 
even during bitterly cold winter days, or for cooking 
animal foodstuffs, given the limited nature of the faunal 
assemblage recovered. Sometime thereafter, possibly 
around 400-500 years ago, both charcoal and stone 
artefacts became extremely rare in the outer chamber, 
suggesting another change in how people were using 
the site. These patterns fit well with the broader patterns 




TABLE 4 Summary information about the OSL determinations from PIL_5841 and PIL_6000. Key: a = estimated time-averaged moisture contents, based on measured 

field water values (% dry weight); b = obtained by INAA (Maxxam Analytic, Mississauga, Ontario); c = assumed internal alpha dose rate; d = derived from INAA 
radionuclide concentration measurements using the conversion factors of Adamiec and Aitken (1998), corrected for attenuation by water and beta attenuation; e = 


18 


LYNLEY A. WALLIS AND JACQUELINE MATTHEWS 


15 C D 


o < ^ 


□ 

15 CD 


CD 


cD cD 
cD to 

p O, 


cD cD 

2 

P P. 


S cD 
2 to 

£ P, 



<N 

O 


CN 

o 


-H 


cb 


in 

o 

o 


oo 

o 


-H 


<N 


03 

Q. 

E 

CD 

OO 


oo 


I 

oo 

in 

I 

s 


CO 

co 


-H 


VO 

VO 


in 


-H 


oo 

in 

<N 


oo 

o 

o 


HH 


co 

in 


CN 

o 

o 


in 

o 

o 


HH 


co 

o 


^i- 

o 

o 


-H 


oo 

to 

o 


o 

o 


HH 


CO 

o 

o 


co 

o 


HH 


oo 

in 


^1- 

o 

o 


-H 


-H 


CN 


''Cf 

OO 

in 

I 

E 


CO 

O 


-H 


CN 

in 


CO 

O 


HH 

CO 


t-" 

o 

o 


HH 


CN 

o 

o 


-H 


CN 

o 

o 


CO 

O 

O 


HH 


in 

t-- 

o 


oo 

co 

o 


o 

o 


HH 


CO 

o 

o 


CN 

o 


co 

o 


-H 


in 

CO 


CN 

o 

o 


CQ 




BUILT STRUCTURES IN ROCKSHELTERS OF THE PILBARA, WESTERN AUSTRALIA 


19 


TABLE 5 Summary data for the rocks comprising the walled structure in PIL_6000. Note that three of the rocks 

were left in situ (either to facilitate OSL dating or because they were too large to safely move) and thus 
aren't included in weight values. 


Measurement 

Number of Rocks 

Mean 

Maximum 

Minimum 

Mode 

Median 

Length (mm) 

97 

276 

990 

80 

410 

250 

Width (mm) 

97 

166 

360 

65 

210 

150 

Thickness (mm) 

97 

79 

230 

20 

50 

70 

Weight (kg) 

94 

6 

55 

0.2 

1 

4 


of occupation for the Packsaddle Range, which suggest 
that there was a regional population on the Hamersley 
Plateau since the Pleistocene but there may not have 
been a permanent population in the Packsaddle Range 
itself until the mid-Holocene (e.g. Comtesse and Harris 
2008; Dias et al. 2011; HEH 2012a, 2012b, 2013; Law et 
al. 2010; Marwick 2002a, 2002b, 2005; Maynard 1980; 
Morse 2009; Slack 2014; Slack et al. 2009; Veitch et al 
2005; Veth 1995, 2000; Wallis and Matthews 2015). 

Based on the available OSL chronology, in the 
last millennium the built structure was constructed 
across the northern opening of the rockshelter, thereby 
restricting easy entrance to the cave’s interior (and 
coinciding with a decline in charcoal in the deposits 
of the outer chamber). Thereafter, the built structure 
formed a sediment trap, with material being trapped 
and building up inside the shelter against the structure. 
The modern radiocarbon determination on the wood 
used to block the opening at the top of the built structure 
indicates that the latter, at least, was being maintained 
in the recent past and supports the OSL indication of it 
having been constructed in the last millennium. It is also 
likely that many of the burnt pieces of wood on the floor 
of PIL 5841 attest to the use of the site within the last 
few hundred years. 

The presence of hollowed out limonite deposits in the 
outer chamber of PIL_5841 suggest the site may have 
been a pigment source. This leads to the possibility, 
though largely untestable, that the built structure was 
erected in order to indicate to people the restricted 
nature of access to the site without needing to seal both 
entrances. 

While the dismantling of the built structure at 
PIL 5841 successfully provided information about its 
method of construction and antiquity, it unfortunately 
did not provide conclusive evidence as to the function 
of the structure. This was not the case for the built 
structure at the PIL_6000 site, where function was very 
clear. 

PIL_6000 

Ninety-seven rocks were removed from the built 
structure in PIL 6000 (Table 5). In addition, numerous 
smaller rocks were removed, particularly along the 


structure’s western margin (i.e. that closest to the shelter 
wall), these were not individually weighed or measured 
as they were not convincingly part of the structure. All 
rocks in the structure were local BIT and none showed 
any signs of cultural modification. The largest rock in 
the structure measured c. 1 m in maximum dimension; 
owing to its large size it could not be safely moved and 
therefore it was not weighed. The heaviest rock that 
could be moved weighed 55 kg. As summarised in Table 
5, the average rock measured 276 x 166 x 79 mm and 
weighed 6 kg; the most common rock mass was 1 kg. 

Unlike the lower courses of the built structure in 
PIL_5841, there was very little extraneous material 
between the rocks forming the PIL 6000 walled 
structure. During dismantling, a cavity was revealed in 
the structure, divided into two chambers by a piece of 
BIT too large to be moved safely (Ligures 12a and 12b). 
Sediment within the chambers was examined and it was 
apparent that no surviving cultural material was cached 
within it. 

Deconstruction revealed the PIL 6000 built structure 
was circular to ovoid in plan, separated into two distinct 
hemispherical chambers by a large rock lying across the 
approximate centre of the structure (Ligure 12b). The 
modal rock size suggests there was a definite preference 
among the builders for rocks that could be easily moved 
by one person, sourced from the abundant roof-fall 
available elsewhere. The range of rocks used fall into 
a fairly constrained set of physical criteria in terms of 
size and weight, which is typically expected to be the 
case with a humanly constructed, rather than naturally 
occurring, feature. 

The heaviest and largest rocks in the structure 
were positioned at its base, including the substantial 
rock that served to separate the structure into two 
chambers. Those rocks used for the upper courses 
were typically more restricted in weight and size and 
easy to manoeuvre into place by a single person; they 
also tended to be lighter and flatter than those lower 
in the structure. This pattern fits with engineering 
requirements for a structure designed to form a ‘wall’ 
around an open interior space, rather than one in which 
the desired outcome was a solid structure. 
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During dismantling, two small pieces of wood 
were recovered from the structure. The first of these 
comprised a c. 25 cm piece from atop a rock at the top 
of the western ‘wall’ of the structure. It was seen prior 
to the removal of any rocks, and was not ‘wedged’ in 
place, but easily removed without the need to move 
any of the overlying stones. Czerwinski (2013: 46) 
had hypothesised that this wood was used ‘to ensure 
whatever was placed within the wall did not get crushed 
by the weight of the rocks’. This piece of wood did not 
appear to be culturally modified in any way, and was too 
small to have supported any of the rocks above it; it was 
thus assessed as being non-structural. 

A second piece of wood was recovered from towards 
the base of the western (‘rear’) wall of the south-west 
chamber. This piece measured approximately 24 x 4 cm 
(and thus again was not large enough to have served 
a structural purpose), and did not appear to have been 
culturally modified. Nevertheless, in comparison to 
the first piece of wood, this piece appeared to be more 
convincingly in situ: it was not observed until many 
rocks overlying it had been removed, was firmly wedged 
between rocks and thus could not have accidentally 
‘fallen in’ recently. 

The lower of these two pieces of wood was submitted 
for radiocarbon dating. As shown in Table 3, it returned 
an uncalibrated age estimate of 1210±40 bp, calibrated 
to 1182-963 cal. BP. The implications of this date are 
somewhat unclear, as the wood appeared not to have 
been deliberately cached within the structure, nor 
did it appear to have had a structural purpose. While 
it provides a maximum age for the built structure, 
it is possible that the structure is younger than this 
(see below). 


Two OSL age determinations were obtained on 
sediment underlying rocks in the lowest course of 
the PIL_6000 built structure (Figure 12b). Sample 
A, collected from under a rock along the far western 
margin of the structure, returned an age estimate of 
5200 years, while Sample B, collected from under the 
large rock dividing the structure into its two component 
parts, produced an age estimate of c. 400 years (Table 4). 
This discrepancy requires some discussion. 

Given OSL Sample A’s position against the rockshelter 
wall, where the roof is very low, the strong possibility 
exists that this rock, although used as part of the lowest 
course of the structure, may originally have been part 
of natural roof-fall (which is abundant along all of the 
PIL 6000 back wall). It may therefore have fallen from 
the roof around 5000 years ago, and sometime after 
that event people built the structure above it, taking 
advantage of its position. 

OSL Sample B, collected from under the central rock 
in the built structure, is much younger than OSL Sample 
A, dating to within the middle of the last millennium. 
The radiocarbon age of the wood that was wedged in 
between rocks along the western margin of the cairn (a 
few courses of rock above where OSL Sample A was 
collected) was different again at 1070 years old (i.e. the 
mid-point of the calibrated age range). 

Considered collectively, the younger OSL date of 
c. 400 years is more likely to be the true age of the 
feature’s construction. If the structure was built c. 
5000 years ago, it is unlikely that a piece of wood only 
1070 years old could have been incorporated into its 
lower courses, unless the structure was substantially 




Sediment sample^ 
^recovered from under 
this rock for x.. 
OSL dating Af 


West 

Chamber 


7^ rSedfrijeftt sample B 
, Tecbyerfed from under 
’tfii^rpck fqf OSL dating 


FIGURE 12 A) View of the PIL_6000 built structure partway through deconstruction, where the uppermost stones 

have been removed and the central cavities are visible in the centre of the structure. Increments on the 
ranging pole are 20 cm. B) View of the PIL_6000 built structure nearing the completion of deconstruction, 
showing the two internal chambers and the locations of the OSL sediment samples. Increments on the 
ranging pole are 20 cm and the arrow indicates north. 
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rebuilt around that time. While this is possible, it seems 
unlikely. Similarly, if the structure was built 5000 years 
ago, it is difficult to see how an age of c. 400 years 
could be obtained from under the central rock, unless 
the structure was substantially rebuilt at that time, or 
the central rock was moved. Again, the former seems 
unlikely and, given the central rock’s core position at 
the base of the structure and its large size, it is unlikely 
to have been moved after originally being positioned. 
The inclusion of window stones to allow access to 
such structures means it is unlikely cairns would need 
to be dismantled and/or rebuilt to enable access to 
their interior. Given its apparent non-cultural and non- 
structural status, the 1,070 year old piece of wood is 
possibly part of a natural accumulation at the back of the 
shelter from trees growing at the front of the shelter. 

Based on the nature of the built structure and 
rockshelter, it seems most parsimonious to suggest 
that people took advantage of the presence of existing 
roof-fall at the back of the rockshelter when building 
the structure. A piece of wood amongst the roof-fall 
at the back of the rockshelter was then inadvertently 
incorporated into the lower courses of the western 
margin of the structure, which was built atop the 
naturally accumulated roof-fall. The OSL age 
determination of c. 400 years obtained from under the 
large rock in the centre of the cairn is thus considered 
most likely to represent the true age of construction for 
the cairn. 

The presence of the internal chambers confirms the 
interpretation of the PIL_6000 structure as a cache, in 
line with the initial assessment by Czerwinski (2013). 
There are two possible reasons for the absence of any 
cultural material within the structure: 

• The chamber(s) had been deliberately emptied; or, 

• Organic material had been present but deleterious 
preservation conditions caused such material to 
decay, leaving none remaining at the time of the 2014 
investigation. 

There is no evidence to preferentially support either of 
these hypotheses. 

The difficult nature of access to PIL_6000, low ceiling 
height of the shelter and rock strewn floor means the site 
is not well-suited for use as a living area. While it could 
be used for shelter in an emergency, there are many 
other more suitable shelters in the immediate vicinity. 
Owing to the presence of large pieces of roof-fall on the 
talus slope in front of the structure it cannot easily be 
seen from above, below or adjacent to the rockshelter 
until one is extremely close. The rockshelter is quite 
difficult to access from the gully below; however, it 
is relatively easy to access from above if its location 
is known. It seems possible that the structure in 
PIL6000 was built to protect sacred rather than secular 
material. This would be consistent with ethnographic 
and ethnohistorical information from the Pilbara and 
Western Desert about such structures and ceremonial 
paraphernalia having restricted audiences. 


ATYPOLOGY OF BUILT STRUCTURES IN 
ROCKSHELTERS 

Unfortunately, as has been alluded to above, to date 
the conflation of different forms of built structures in 
Pilbara rockshelters into a single site type has served to 
disguise the variation between them. This tendency also 
makes it difficult to examine potential or actual variation 
in the distribution of different types of built structures 
and to address issues of function — clearly they 
were not all constructed to serve a single purpose. To 
address such issues, a consistent typology for recording 
such features is required. The following typology is 
based on morphological grounds and, as far as we can 
determine through a review of all available reports of 
such structures, encapsulates all known examples of 
built structures that occur within rockshelters thus far 
recorded. 

Type 1: ‘Walls’ that totally or partially seal off 
rockshelters, crevices or niches, with the area that is 
sealed off being unsuited for use as a living area for 
people owing to its low ceiling height (usually less than 
0.5 m) and/or small size. Typically these are linear, one 
course wide and may vary in length from 0.5-12 m. 
They may or may not incorporate branches or hollowed 
limbs and trunks as structural components. The built 
structure shown in Figure 13 is an excellent example 
of a Type 1 wall, with the area behind the wall being 
approximately 60 m 2 , but with an average ceiling 
height of just 40 cm, making it unsuitable for human 
occupation. 

Type 2: ‘Walls’ that either (a) totally or partially 
prevent access to otherwise potentially habitable 
(i.e. those with a reasonable ceiling height and size) 
rockshelters (or parts of rockshelters) or (b) don’t prevent 
access to a potentially habitable rockshelter because of 
the presence of other entrances. Again, these walls can 
vary in length, but tend to be linear and only one course 
wide. They may or may not incorporate branches as 
structural components. The structure in PIL 5841 is a 
good example of a Type 2a built structure (Figure 5). 

Type 3: Freestanding structures (‘rock piles’) of an 
approximately circular or ovoid shape, usually up to 
1 m in maximum dimension that contain a central 
chamber or cavity that can be accessed by the removal 
of a ‘window’ stone. Partial collapse or dismantling may 
have restricted the identification of the window stone. 
These structures typically do not incorporate branches 
as structural components. The structures in PIL_6000 
and PIL 2258 are good examples of Type 3 built 
structures (Figures 2 and 7). 

Type 4: Freestanding structures (‘rock piles’) without 
any central chamber or cavity of a maximum dimension 
of up to 3 m in length or width, and up to 1 m in height. 
Their shape may be variable, but generally they tend 
to be circular to ovoid in plan view. Those that do not 
incorporate branches as structural components comprise 
Type 4a (Figures 3 and 14), while those that incorporate 
an upright branch positioned approximately centrally 
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within the structure comprising Type 4b (Figure 15). 
Type 4b structures are generally smaller than Type 4a 
structures. 

These categories do not always fit neatly with 
different functions, though some generalisations can be 
made, along with some suggestions about how to test 
which idea of function might be appropriate. 

Some instances of Type 1 built structures might have 
served as caches, either to protect objects or to conceal 
them from view, the best evidence of which would 
be the presence of artefacts behind such a structure. 
However, it should be noted that the absence of artefacts 
behind such a structure should not be taken for proof 
that they did not have a caching function, since such 
artefacts may have deteriorated or been deliberately 
removed prior to the structure being recorded. When 
such structures seal small niches within rockshelters 
that otherwise contain no evidence for secular use, 
and/or seal entire rockshelters that were so small as 
to be unsuited for use as human shelter it is possible 
that the cached material may have been of a sacred or 
restricted nature. Another potential function of Type 
1 structures is that they were built to prevent animals 
from retreating into difficult to access, low ceilinged 
niches while being hunted (though if they did retreat 
into such spaces they could be smoked out; see Brehaut 
and Vitenbergs 2001: 18). In cases where the rockshelter 
also contains evidence of habitation, it is possible these 
structures may have been built to prevent crawling 
infants from entering them. As Bindon and Lofgren 
(1982) originally suggested, some of these structures 
may have served as animal habitats. A further option 
for the purpose of these structures was spiritual, in that 
it is possible they could have been used to ‘confine’ 
Ancestral Beings or ‘spirits’. 

Type 2 built structures may have functioned to 
indicate a rockshelter was restricted to particular groups 
of people, or to conceal something large that may have 
required manoeuvrability to position it, such as a burial. 
In the first instance, the artefactual assemblage might 
be quite different to what would occur in an open site 
used by all. In the second instance, the presence of 
skeletal remains within the rockshelter would provide 
evidence of that function. Another explanation for 
these structures might be that they were simply by¬ 
products of floor clearing exercises, in which case the 
rockshelter floors could be expected to be largely free 
of such debris. Banjima representative Yuddy Butler 
(pers. comm, to LW Sept 2015) also suggested that 
in some instances these built structures may have 
provided protection from extreme weather events 
such as cyclones, or as windbreaks for use during less 
severe but generally inclement weather. Assessing the 
relationship between structures, rockshelter aspect, 
prevailing wind directions and the presence of grinding 
materials or general occupation debris would be useful 
for assessing whether they were possibly constructed 
to provide sheltered areas for women to use when 


winnowing seeds from chaff prior to grinding during 
windy weather (cf. Palmer 1978: 36). 

Almost without exception, Type 3 built structures 
likely functioned as cairns or repositories, including 
potentially as secondary interment sites. The presence 
of the central chamber, and potential a window stone, 
provide clear support for such an interpretation, even 
in the absence of any material culture or skeletal 
material within them. Such structures themselves are 
not ceremonial or spiritual per se, as they served the 
secular function of protection, though they might well 
have cached ceremonial or spiritually important objects. 
It may also be of relevance in such instances to consider 
how easily accessible and/or visible from afar that Type 
3 built structures are. If indeed the purpose of some of 
these structures was to secrete sacred objects, we might 
expect them to be located in rugged gullies that are not 
easily accessed or, alternatively, in locales where they 
cannot easily be seen. 

Type 4 built structures are perhaps the most variable 
in terms of potential functions. Type 4a structures 
may variously have functioned as steps (in which case 
their position within the rockshelter should be such as 
to provide access to a high part of the site), secondary 
burial chambers (in which skeletal remains might 
be present), been the remnants from a floor clearing 
exercise for the purposes of improving the comfort level 
of a habitable shelter (in which case the floor should 
be clear of such debris), or simply be what remains 
after a Type 1 walled cavity was dismantled (in which 
case there should be a niche present; note that Type 3 
structures did not require dismantling to access due 
to their particular design which allowed easy access 
through removal of a single stone). Larger examples 
of Type 4a built structures may have also served as 
primary burial sites, to protect the deceased from 
predators in a region where interment in the ground was 
difficult. Type 4b built structures (i.e. those similar to 
Type 4a structures but incorporating a central branch) 
may have served either as ladders to provide access 
to high ledges (in which case their positioning within 
the shelter is key to document) or, if they had once had 
other organic material leaning against the main branch, 
may have served as protective windbreaks (and again 
their position within the rockshelter is important in 
determining this, along with knowledge of prevailing 
wind directions). 

Distinguishing between these potential functions 
requires careful consideration of the local context, 
association with other cultural materials, assessment 
of the size, structure and positioning of the structure 
and an investigation of whether skeletal materials are 
preserved. In many instances, it may be possible to 
exclude certain possible functions, but not to settle on a 
single definitive interpretation. Further, some suggested 
functions are incompatible with other uses while others 
are not. And, of course, it remains possible that there are 
alternative functional explanations not covered above. 
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FIGURE 13 View of an extensive built structure sealing a low ceilinged niche unsuited to habitation. The increments 

on the ranging pole are 20 cm. 



FIGURE 14 View of a built structure of Type 4a. The increments on the scale are 20 cm (photo from HEH 2013). 



FIGURE 15 


View of built structures of Type 4b. In the image on the left the increments on the scale are 1 cm, with the 
whole scale measuring 8 cm in length. 
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CONCLUSION 

Built structures of various forms are relatively 
common in rockshelters of the Hamersley Plateau, 
particularly the Packsaddle Range . There appears to be 
no single or simple answer as to why these structures 
were built, however, their individual context and 
morphologies are extremely important in distinguishing 
between them. Likely functions included caches, burial 
chambers, safety precautions (against both tangible 
and intangible threats), steps, ladders, water barriers 
and windbreaks, intangible spiritual ‘barricades’, to 
aid hunters by isolating animals more effectively or to 
prevent prey escaping into unreachable locales, and, 
as originally suggested by Bindon and Lofgren (1982), 
in some instances they may have served as enhanced 
animal habitats. 

There is sound direct evidence in just a few instances, 
and growing indirect evidence in many other instances, 
that these structures are indeed a late Holocene 
development, as originally posited by Brown (1987). 

Unfortunately to date, limited attention has been paid 
to these structures and information that might help to 
ascertain their function (such as ceiling height above 
the structure) is often lacking (Westell and Wood 2014). 
Furthermore, the structures are often misidentified 
and categorised unsystematically under a range of 
highly variable terms. It is strongly recommended that 
future studies adopt, and where necessary, modify, 
the morphological typology that has been proposed 
in this paper. It is hoped that greater consideration 
and reporting of findings about built structures in 
rockshelters, and more nuanced recording of their 
range and variations, will assist in developing better 
understandings of their role(s) and meaning(s). Until a 
greater level of fundamental data about built structures 
is available and accessible in published contexts, 
it is extremely difficult to adequately assess their 
significance in a management context. 
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ABSTRACT - Three new species of stygobitic Dytiscidae are described from groundwater calcretes in 
theYilgarn region of Western Australia; Paroster angustus sp. nov., Limbodessus yeelirrieensis sp. nov. 
and Limbodessus odysseus sp. nov. As is the case in mostYilgarn stygobitic beetles the three species 
are eyeless, apterous, uniformly light testaceous and do not overlap in body length. All three species 
are short range endemics with their distribution restricted to a series of geologically discontinuous 
groundwater calcrete deposits occupying a linear extent of approximately 60 kilometres on Yeelirrie 
Station in the upper reaches of the Carey Palaeoriver system. The sympatric occurrence of the three 
species at one of the calcrete deposits is consistent with speciation, differentiation in body-size, 
and distribution patterns observed at numerous other calcretes in the Yilgarn region. Limbodessus 
odysseus has a wider distribution range than the other two species within the Yeelirrie groundwater 
system, possibly related to its smaller body size which may facilitate its dispersal and colonisation of 
interstitial or sub-karstic calcrete habitats. DNA sequencing established that the two Limbodessus 
species from Yeelirirrie are more closely related to species from calcretes in adjacent palaeochannels 
than to each other. A proposed uranium mine and associated aquifer dewatering activities would 
impact 42% of the core stygofauna habitat and 60% of the recorded distribution range of Paroster 
angustus sp. nov. and Limbodessus yeelirrieensis sp. nov. The impact of this amount of habitat 
removal and watertable lowering on the long term viability of the surviving populations of these two 
dytiscid species, and their associated stygofauna community, is unknown and cannot be predicted 
with any confidence. 


KEYWORDS: Paroster, Limbodessus, stygofauna, stygobitic, short range endemic, genetics, 
environmental impact assessment, aquifer, dewatering 
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INTRODUCTION 

Groundwater of (semi-) arid Western Australia is 
known as a globally significant hotspot for subterranean 
biodiversity (Humphreys 2008; Eberhard et al. 2009; 
Guzik et al. 2011). Most of this rich diversity has been 
discovered in the last 20 years in two main geographic 
regions, the Pilbara craton and the northern Yilgarn 
craton. In the semi-arid northern Yilgarn there occur 
hundreds of isolated groundwater calcretes developed 
along palaeoriver systems (Morgan 1993; Mann and 
Horwitz 1996). Development of these calcretes was 
initiated during dry climatic conditions in the Oligocene 
and has continued during subsequent arid phases of the 
Late Miocene and Pliocene onwards (Morgan 1993). 
The calcrete aquifers have a well-developed karstic 
porosity and therefore provide an ideal habitat for 
stygofauna (aquatic subterranean fauna). The detection 
of stygofauna in these calcretes is only possible owing 
to the existence of numerous wells and bores drilled for 
groundwater supply to pastoral stations, or for mineral 
exploration purposes. Around one-half of approximately 
150 major calcrete islands in the northern Yilgarn have 
been sampled for stygofauna, and while the survey 
effort to date has generally been of reconnaissance 
intensity with < 10 bores sampled inside most calcretes 
(Subterranean Ecology 2011), many new species have 
been discovered since the first collections were made in 
1998. 

The Yilgarn stygofauna comprises many species of 
copepods (Karanovic et al. 2015), ostracods (Karanovic 
2008), parabathynellids (Abrams et al. 2012), amphipods 
(Bradford et al. 2010; King et al. 2012), isopods (Taiti 
and Humphreys 2001; Cooper et al. 2008), oligochaetes 
(Subterranean Ecology 2011), and dytiscid beetles 
(Watts and Humphreys 2009 and references within). 
Genetic and morphological studies on these taxonomic 
groups have confirmed that individual calcretes are 
equivalent to closed island habitats which have been 
isolated for millions of years by increasing climatic 
aridity (Cooper et al. 2002, 2008; Leys et al. 2003, 2012; 
Guzik et al. 2008; Leys and Watts 2008). Each calcrete 
aquifer functions as a biogeographic island and many 
species are short-range endemics (SREs) confined to a 
single calcrete (Cooper et al. 2002). The unique faunas 
of 77 calcretes have been listed as priority ecological 
communities (PECs) by the Western Australian 
Department of Parks and Wildlife (2014). The mean 
area of these calcretes is 90.8 square kilometres (km 2 ) 
(range 0.89-2,205 km 2 ) and some of these distinct 
calcretes are only one kilometre (km) apart (Harvey et 
al. 2011). The relatively small area harbouring each of 
these PECs makes them vulnerable to species loss and 
habitat degradation such as from mining and aquifer 
dewatering. 

The stygobitic carnivorous water beetles (Dytiscidae) 
are the flagship taxa of the Yilgarn PECs. Over 90 
species belonging either to the Hydroporini genus 
Paroster Sharp or to the Bidessini genus Limbodessus 
Guignot, have been formally described to date, making 
the Yilgarn a global hotspot for this group (Humphreys 


2008; Watts and Humphreys 2009). In groundwater 
calcretes where dytiscids have been found, there 
typically occurs two or three sympatric or parapatric 
species belonging to either or both genera, and within 
any individual calcrete the coexisting species typically 
fall within non-overlapping size classes (viz. one large¬ 
sized, one medium-sized, and one small-sized species) 
which may be an adaptive response towards partitioning 
of prey resources (Vergnon et al. 2013). 

In this paper we describe three new species of 
Dytiscidae discovered during a pre-mining 
environmental impact assessment survey of stygofauna 
in the Yeelirrie groundwater calcretes in the northern 
Yilgarn. The impetus for the study came from a 
proposal by BHP Billiton Yeelirrie Development 
Company Pty Ltd to develop a uranium mine which 
would involve aquifer dewatering and potential impact 
on stygofauna. We describe the observed dytiscid 
distribution patterns in relation to the local geological 
mapping and groundwater salinity and briefly discuss 
the results of DNA sequencing. 

METHODS 

STUDY AREA 

The greater Yeelirrie calcrete archipelago comprises 
an elongate cluster of geologically discontinuous 
groundwater calcrete islands and islets occupying a 
linear extent of approximately 60 kilometres in the 
upper reaches of the southern branch of the Carey 
Palaeoriver system in the northern Yilgarn (Figure 1). 
The Yeelirrie area includes surficial pedogenic (soil- 
formed) calcrete and deeper non-pedogenic dolocrete 
formed at the subsurface water table. In parts of the 
calcrete system the surficial calcrete and dolocrete 
are vertically continuous but in other parts they are 
developed independently so that a near surface calcrete 
expression does not necessarily confirm the presence 
of underlying saturated dolocrete (Cameco Australia 
Pty Ltd 2015). The areas of calcrete are rarely uniform 
and comprise a variable mixture of calcrete, alluvium/ 
colluvium and clays. 

The calcrete island and islet habitats are geologically 
isolated from each other by Quaternary alluvium/ 
colluvium albeit the various lithologic strata are 
hydrologically connected by groundwater flow along 
the palaeoriver channel which runs from northwest to 
southeast (Figure 1). While there exists groundwater 
connectivity between the calcretes via the alluvium/ 
colluvium, the potential habitat for stygofauna in the 
latter is limited to interstitial (inter-granular) porosity 
whereas the dolocretes contain solution-enlarged karstic 
cavities up to several centimetres in diameter which 
are interconnected and provide larger habitable spaces 
optimal for stygofauna. The thickness of saturated 
calcrete is mostly 3-5 metres (m) but is up to 13 m 
thick in the northwest. The carbonate-dominated water 
chemistry shows an overall gradient in salinity from 
1-2 grams per litre (g/L) in the northwest to 10-25 g/L 
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in the southeast, but is highly variable vertically and 
horizontally, and can vary more than an order of 
magnitude over tens of metres (Cameco Australia Pty 
Ltd 2015). The highly variable salinity and patchy 
non-uniform lithology create a highly heterogeneous 
subterranean habitat. 

The central and largest calcrete body, where the 
proposed mine and dewatering operation is situated, is 
approximately 17 km in length and up to three km wide, 
and the southeast calcrete is of similar size (Figure 1). 
Further southeast, are the Yeelirrie playa and Albion 
Downs calcretes. The northwest calcretes are smaller 
and more fragmented; all are less than five km in length 
and one km in width. The distance between calcrete 
bodies within the study area ranged from approximately 
one to six km. 

SAMPLING 

Five sampling sectors were designated along 
the palaeochannel, and a sixth sector covering the 
surrounding granitic sandplains (Figure 1). The 
palaeochannel sectors coincided with the broad 
geographic clustering and alignment of calcrete deposits 
from northwest to southeast. Within each sector there 
existed a number of lines of holes drilled for mineral 
exploration and groundwater survey, in addition to 
isolated pastoral water bores and wells. The central 
calcrete body was subdivided into two sub-sectors 
(central-outside 0.5m drawdown, central-inside 0.5m 
drawdown) to distinguish the area located inside 
the potential impact zone of the proposed uranium 
mine (defined by the proposed pit and modelled 0.5 
m drawdown contour, from Cameco Pty Ltd 2015) 
from the area located outside the potential impact 
zone (Figure 1). The southeast calcrete sector was 
also situated within the -0.5 m drawdown contour. 
Although natural annual fluctuations of groundwater 
levels at Yeelirrie are probably < 1 m, on account of the 
relative thinness of the saturated calcrete in most of the 
drawdown area at Yeelirrie, a precautionary threshold 
of > 0.5 m was identified as the point when groundwater 
drawdown may result in enough loss of stygofauna 
habitat to have significant conservation effects (Cameco 
Pty Ltd 2015). 

More than one-half of the overall survey effort (62% 
of 642 samples) was concentrated in areas outside of 
the potential mine impact area. Around 95 (37%) of 
the sampled bores were located within the modelled 
-0.5m aquifer drawdown contours, which included the 
proposed mine pit, and around 162 bores (63%) were 
located outside the potential mine impact area. 

Six field sampling campaigns conducted between 
March 2009 and September 2010 sampled 257 
groundwater bores (cased and slotted), mineral 
exploration drill holes (uncased), and pastoral bores/ 
wells (Figure 1). The majority of bores and drill 
holes were located in the palaeochannel sediments 
and constructed in transect lines perpendicular to 
the palaeochannel, with closely spaced transects in 
the central calcrete deposit and fewer transects in the 


smaller calcrete deposits located northwest and southeast 
of the central deposit (Figure 1). Twenty-four pastoral 
bores / wells were sampled in the granitic sandplain, 
mostly on the northern side of the palaeochannel. Most 
holes were sampled on more than one occasion, and 
holes yielding high abundances of stygofauna were 
targeted on repeated occasions (up to five). 

Net hauling was the main method employed to 
capture stygofauna (317 samples), supplemented by 
opportunistic pump sampling undertaken in a few newly 
constructed bores during routine hydrological testing 
(26 samples). Dytiscids and other stygofauna were 
also collected as by-catch during scrape sampling for 
troglofauna in uncased drill holes which intersected the 
water table (299 samples). 

The standard net hauling procedure used in Western 
Australia for environmental assessment surveys (EPA 
2007; Eberhard et al. 2009) employs six hauls of the 
entire water column within each bore or well on each 
sampling occasion, using a 50 micron (pm) mesh 
plankton net with an aperture of suitable diameter to 
fit within each bore (between 25-150 millimetres). A 
lead weight and sample vial (10 or 35 millilitres) was 
attached to the bottom of each net then lowered to the 
bottom of the bore on a line then hauled up through the 
water column. The retrieved sample was emptied into a 
jug of water, and following the sixth haul the sample was 
elutriated to remove coarse sediment and filtered back 
through the net. 

The scraping method (Halse and Pearson 2014) is 
targeted towards troglofauna in the vadose zone above 
the water table and involves scraping the sides of 
uncased drill holes with a stygofauna net to dislodge any 
troglofauna on the sides of the hole. Four scrapes of the 
vadose profile were conducted to cover each quarter of 
the drill hole, and in holes intersecting the water table 
the net was dipped just below the water surface (< 1 
m) on each scrape to collect dislodged troglofauna and 
stygofauna as by-catch. 

Pump sampling involved placing a 50 pm mesh 
plankton net over the pump outlet during routine 
hydrological pump testing using either a high-flow 
Grundfos® MP1 submersible pump with a 2 mm stone- 
guard over the intake, or a low-flow airbladder pump 
with a 6 mm intake mesh. Pumps were positioned at 
the top of the slotted interval in each bore with high- 
flow pumping rates between 3-20 litres per minute 
(L/ min) and low-flow pumping rate approximately 
0.12 L/ min. The volume sampled from each bore 
depended upon aquifer yield and ranged from 7 to 600 L 
during high-flow pumping and 0.45 to 0.6 L during low- 
flow pumping. High-flow and low-flow samples from 
each bore were combined. 

At each bore sampled, the depth to the watertable 
and total bore depth were estimated by counting the 
number of revolutions of the line spool during net 
hauling. The number of revolutions was then multiplied 
by the average circumference of the line spool (0.63 m). 
A bailer was used to collect a groundwater sample 
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FIGURE 1 Study area showing sampled bores and dytiscid collection sites in relation to calcrete deposits and palaeochannel sediments. Sampling sectors (northwest, central- 

outside 0.5m drawdown, central-inside 0.5m drawdown, southeast, Yeelirrie playa / Albion Downs) drill lines and bores from which dytiscid material was DNA 
sequenced are labelled. Inset: Western Australia showing Pilbara and Yilgarn cratons, palaeoriver drainage systems (light blue), Carey Palaeoriver (dark blue) and 
Yeelirrie study area. Adapted from Subterranean Ecology (2011). Proposed mine pit and modelled 0.5 m drawdown contours are from Cameco Pty Ltd (2015). 
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from about one metre below the water surface and field 
physico-chemistry (temperature, pH, and electrical 
conductivity) were measured using either a ‘TPT or 
‘WTW’ brand field water meter (Subterranean Ecology 
2011 ). 

All field samples were preserved in pre-chilled 100 % 
ethanol, labelled, sealed, and refrigerated for transport to 
the laboratory. Dytiscid specimens were sorted from the 
preserved field samples using a Leica M250C binocular 
microscope. All specimens are deposited in the 
collections of the Western Australian Museum (WAM) 
and South Australian Museum (SAMA). 

A small number of specimens were DNA sequenced 
to confirm the morphological delimitation of adult and 
larval species, and examine regional phylogeographic 
relationships. Preliminary genetic analysis of Yeelirrie 
Dytiscidae was undertaken by Helix Molecular 
Solutions Pty Ltd, examining a 492 bp (DNA 
barcoding) fragment of the mitochondrial DNA gene 
cytochrome oxidase subunit 1 (COI). Subsequent 
analysis was undertaken by the South Australian 
Museum examining the 5’ end of the COI gene, to 
facilitate regional comparisons with a data set of 
more than 90 subterranean species from the Northern 
Yilgarn and Murchison regions. To enable comparisons 
with the results by Helix, the specimens sent to the 
SAM were also PCR amplified using primers for the 
barcoding fragment of the COI gene. Overall, the 
sequenced material comprised 12 specimens including 
one paratype of each species and additional material 
representing L. odysseus (5 specimens), L. yeelirriensis 
(3) and P. angustus (1). DNA-sequences have been 
submitted to GenBank (Accession Nos KU549158 to 
KU549170). 

RESULTS 

SURVEY EFFORT AND DISTRIBUTION PATTERNS 

Dytiscidae were collected from only 30 of the 257 
bores and wells sampled. All bores which yielded 
dytiscids were located in the palaeochannel sediments 
mapped as calcrete. No dytiscids were collected from 
bores located in the palaeochannel alluvium / colluvium, 
nor in the granitic sandplain sediments (Figure 1). 
Almost all of the bores which yielded dytiscids were 
located in the central calcrete body (27 bores) and the 
three remaining bores were in the northwest (2 bores) 


and southeast calcrete bodies (1 bore). Dytiscids were 
not detected in the Albion Downs calcretes. 

Altogether, 101 dytiscid specimens were collected 
during the survey and almost all (98 specimens) came 
from the central calcrete even though substantial survey 
effort was spread across the other palaeochannel sectors, 
which together accounted for 59% of all bores and 65% 
of all net haul samples. Of the 98 specimens collected 
from the central calcrete, more than two-thirds (69%) 
came from within the proposed mine pit and dewatering 
area. 

In comparing the capture success of net hauling versus 
scrape methods, there was considerable variability 
between sectors (range 0.01 to 0.53 dytiscids per net haul 
sample) but across all sectors (excluding those without 
dytiscids) the scrape method outperformed net hauling 
(0.25 versus 0.18 dytiscids per sample). In the net haul 
or scrape samples which yielded dytiscids, the number 
of individuals collected ranged from 1 to 10 and the 
average was 1.70 individuals per sample. No quantitative 
interpretation can be made on the capture results 
from the opportunistic pump sampling because of the 
unavoidable high variation in the sample volume which 
could be pumped from different bores. 

Limbodessus odysseus was the most abundant and 
widely distributed species, with 49 individuals recovered 
from 19 bores, predominantly in the central calcrete 
and with two geographic outliers in the northwest and 
southeast calcretes, overall spanning a linear range 
of some 43.5 km. In contrast, L. yeelirriensis (36 
individuals in 15 bores) and P. angustus (16 individuals 
in 11 bores) were only detected in the central calcrete 
(Figure 1). In the central calcrete, three sampled bores 
contained all three species together, and in 11 bores two 
species (all three combinations) were found. 

GROUNDWATER ENVIRONMENT 

The range in selected groundwater environmental 
attributes recorded in bores from which dytiscids were 
collected, compared with all bores sampled, is shown in 
Table 1. Dytiscids were collected from bores where the 
water table ranged from 1.0 to 16.0 metres below ground 
surface and bore water temperature between 22.2 and 
27.5 C. The electrical conductivity (EC) in bores with 
dytiscids ranged from 2.3 to 37.1 milli-Siemens per 
centimetre (mS/cm), and pH 7.00 to 8.32. The highest pH 
and EC recorded during the survey was 9.81 and 106.0 
mS/cm respectively. 


TABLE 1 Range (minimum - maximum) in groundwater environmental attributes recorded in bores from which 

dytiscids were collected, compared with all bores sampled. N = number of sampled bores, EC = electrical 
conductivity, mbgl = metres below ground level. 


N Bores Depth to watertable (mbgl) Temp (°C) EC (mS/cm) pH 


Bores with Dytiscids 

29 

1.0-16.0 

22.2-27.5 

2.3-37.1 

7.00-8.32 

All Bores 

257 

0.5-29.6 

17.1-29.5 

0.31-106.0 

6.47-9.81 
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SYSTEMATICS 
Family Dytiscidae Leach, 1815 
Tribe Hydroporini Aube, 1836 
Genus Paroster Sharp, 1882 

Paroster Sharp, 1882: 391. 

TYPE SPECIES 

Hydroporus insculptilis Clark, 1862 by subsequent 
designation of Guignot (1946). 

DIAGNOSIS 

Small size, 1.0-5.0 mm; clypeus not bordered; 
pronotum and elytra without stria; elytral epipleuron 
without basal cavity; meta coxal process very narrow 
not covering bases of trochanters, metacoxal lines well 
separated. 

Paroster angustus sp. nov. 

Figures 2-9 

urn:lsid:zoobank.org:act:8AFFCB5F-F9CA-4B4A-885F- 

16C0EF476D65 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: Yilgarn, Carey 
Palaeodrainage, Yeelirrie Station, 1 S seLN6620, 1-Sep- 

2009 Bore YU2, 27°0814.15 M S 119°5111.4r'E, collected 
by Subterranean Ecology Pty Ltd. Genbank Accession 
No. KU549169. WAM R90975. 

Paratypes 

Australia: Western Australia: Yilgarn, Carey 
Palaeodrainage, Yeelirrie Station, all collected by 
Subterranean Ecology Pty Ltd: 1 $ seLN8340 16-Mar- 

2010 Bore YYAC170, 27°1013.85"S 119°5405.92 ,, E; 
1 S and 1 f seLN7415 12-Nov-2009 Bore YYAC35, 
27°0958.56"S 119°5226.36"E; 1 $ seLN8346 16-Mar- 
2009 Bore YYAC1007C, 27°0949.56"S 119°5304.33 M E. 
All SAMA. 

Other material 

Australia: Western Australia: Yilgarn, Carey 
Palaeodrainage, Yeelirrie Station, all collected by 
Subterranean Ecology Pty Ltd: 5 spec. seLN6480, 11- 
Mar-2009, Bore TPB33-1, 27°0801.8 M S 119°4940.38 M E; 
1 spec. seLN6655, 12-Nov-2009, Bore YYAC0018C, 
27°0941.75"S 119°5229.02"E, Genbank Accession 
No. KU549161; 1 spec. seLN8548a, 21-Mar-2010, 
Bore YYAC1007A, 27°0949.56”S 119°5304.33"E; 
lspec. seLN7679, ll-Jan-2010, Bore YYAC1007C, 
27°0949.56"S 119°5304.33 M E; 1 spec. seLN7422, 12- 
Nov-2009, Bore YYAC170, 27°1013.85 M S 119°5405.92 ,, E; 
1 spec. seLN7435, 12-Nov-2009, Bore YYAC248, 
27°1020.35"S 119°5418.59 M E; 2 spec. seLN7322 and 1 


spec. seLN7391, both 12-Nov-2009, Bore YYAC284, 
27°1023.6"S 119°5424.73"E; 1 spec. seLN7391, 12- 
Nov-2009, Bore YYAC284; 1 spec. seLN8391, 17-Mar- 
2010, Bore YYAC285, 27°1017.84"S 119°5428.4 M E; 2 
spec. seLN7639, ll-Jan-2010 and 1 spec. seLN8363, 
16-Mar-2010, and 1 spec. seLN7128, 21-Mar-2010, all 
Bore YYAC35, 27°0958.56 M S 119°5226.36"E; 4 spec. 
seLN8483a, 15-Mar-2010, Bore YYD26, 27°1007.23 M S 
119°5212.42 M E. All WAM. 

DESCRIPTION 

Habitus. Length 3.9 mm; strongly elongate, weakly 
constricted at junction of pronotum/elytra; uniformly 
light testaceous; hindwing vestigial, reduced to tiny flap. 

Head. Relatively large, about as wide as elytra; 
smooth, weak reticulation, a few moderate sized 
small punctures inwards from base of antennae and 
a longitudinal row inwards from eye remnant; sides 
converging towards anterior; eye remnant reduced 
to two short sutures. Antenna moderately elongate, 
segments 1 and 2 cylindrical, segment 3 about as long 
as segment 2, narrower in basal half, segments 4-10 
subequal in length slightly bulbous on both inside 
and outside apical angles, , segment 11 1.8x length of 
segment 10, thinner, bluntly pointed. Maxillary palpus 
thin, elongate, segment 4 about as long as segments 2 
and 3 combined. 

Pronotum. Not much narrower than elytra; 
anteriolateral angles projecting forward; sides 
narrowing somewhat until just in front of base, 
posterolateral angles rounded; a few scattered large 
punctures towards anterior margin; a few long setae at 
sides particularly towards front; moderately strongly 
reticulate. 

Elytra. Not fused, lacking inner ridges; elongate, 
parallel sided, about 4x as long as pronotum; smooth, 
shiny, reticulation weak, weaker than on pronotum; with 
a few small punctures, a few slightly larger punctures 
with long setae, larger and denser towards sides and 
apex. Epipleuron moderately differentiated, broad in 
anterior fifth, virtually absent along rest of elytron. 

Ventral surface. Prosternal process strongly narrowed 
between coxae, not reaching mesoventrite, apical half 
with sides subparallel, tip weakly pointed, arched 
in lateral view with highest point (viewed ventrally) 
between coxae. Mesocoxae in contact in midline. 
Metaventrite projecting forward in midline; its lateral 
extensions (‘wings’) thin; narrowly rounded in midline 
behind. Metacoxal plates large, metacoxal lines weak, 
well separated, weakly diverging in front quarter, 
reaching nearly to mesosternum; sparsely covered with 
very small punctures, moderately reticulate; closely 
adpressed to ventrite 1. Segments 1 and 2 fused, sutural 
lines distinct. 

Legs. Protarsus segment 1 slight, segment 2 strongly 
expanded, segment 3 less so, deeply bilobed, segment 
4 small, segment 5 elongate about as long as basal two 
segments, segments 1 to 3 with adhesive setae; claws 
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short and simple. Mesotrochanter rather small with a 
few very fine setae at apex; mesofemur with row of 5 
stout spines along hind edge in basal half (Figure 5); 
mesotarsus about as long as protarsus. Metatrochanter 
broad, apex pointed, well away from metafemur 
(Figure 6); metafemur relatively thin; metatibia thin, 
weakly curved; metatarsus greatly elongate, segments 
cylindrical, segments 1 and 5 longest, segment 4 
shortest, in combination segments 1 and 2 about as long 
as others combined, all segments without spines other 
than at apex; claws very weak. 

Female. Pro and meso tibia normal, without triangular 
extension on inner edge nor enlarged spines. 

Male (Figures 2-4). Protibia with thin triangular 
extension on inside in apical half, inner edge of which 
with row of closely spaced strong spines; mesotibia with 
small but well-marked triangular extension in middle of 
inner edge surmounted by 2-3 strong spines, inner and 
outer apical spines slightly enlarged. 

Median lobe of aedeagus relatively narrow, sides 
slightly sinuate, apex narrowing to blunt point; paramere 
broadly triangular, apex turned inwards for short 
distance, outer edge at apex with 3-4 moderately long 
setae. 


ETYMOLOGY 

Latin, angustus - narrow. A reference to its narrow 
shape. 



FIGURES 2-9 Paroster angustus sp. nov.; 2, lateral view 
of median lobe of aedeagus; 3, ditto dorsal 
view; 4, paramere; 5, mesotrochanter 
and mesofemur; 6, metatrochanter and 
metafemur; 7, metatibia; 8, protibia; 9, 
habitus. Scale bar represents 1 mm. 
(habitus only). 


REMARKS 

A large species easily recognized by its very elongate 
shape, triangular extensions of both the pro and meso 
tibia in the males and the knobbly antennae caused 
by the inner and outer swellings on the apex of each 
segment. In the key given in Watts and Humphreys 
(2009) Paroster angustus will run to P. macrosturtensis 
Watts and Humphreys from Sturt Meadows station 
but differs considerably from it, most notably in the 
characters mentioned above. 

Family Dytiscidae Leach, 1815 
Tribe Bidessini Sharp, 1882 
Genus Limbodessus Guignot, 1939 

Limbodessus Guignot 1939: 52. 

TYPE SPECIES 

Hydroporus compactus Clark, 1862, by original 
designation. 

DIAGNOSIS 

Limbodessus can be distinguished from other dytiscid 
genera as follows: length 1.0-3.5mm, body elongate, 
without sutural striae, inner margins of metacoxal wings 
not strongly ridged. 

Limbodessus yeelirrieensis sp. nov. 

Figures 10-15 

urn:lsid:zoobank.org:act:C1A60E6F-41EB-4544-83AD- 

4751CC644CC7 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: Yilgarn, Carey 
Palaeodrainage, Yeelirrie Station, 1 8 seLN8340, 16- 
Mar-2010 Bore YYAC170, 27°1013.85 M S 119°5405.92 M E, 
collected by Subterranean Ecology Pty Ltd; WAM 
R90976. 

Paratypes 

Australia: Western Australia: Yilgarn, Carey 
Palaeodrainage, Yeelirrie Station, all collected by 
Subterranean Ecology Pty Ltd: 1 8 seLN8362, 16-Mar- 
2010 Bore YYAC33, 27°1010.77 ,, S 119°5218.58"E; 1 
8 seLN6506, l-Sep-2009 Bore TPB33-1 27°08'01”S 
119°49'40”E, Genbank Accession No. KU549167; 1 $ 
seLN8340 16-Mar-2010 Bore YYAC170, 27°1013.85 M S 
119°5405.92"E; 1 $ seLN6622, 31-Aug-2009 Bore 
YYD26, 27°1007.23"S 119°5212.42”E; 1 g seLN6615, 
l-Sep-2009 Bore YU1, 27°0833.7 M S 119°5111.36 M E; 
1 8 seLN6633 30-Aug-2009 Bore YYAC0016A, 
27°0956.67"S 119°5220.14"E, slide. All SAMA. 
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Other material 

Australia: Western Australia: Yilgarn, Carey 
Palaeodrainage, Yeelirrie Station, all collected by 
Subterranean Ecology Pty Ltd: 1 spec. seLN10:0011b, 
17-Sep-2010, Bore YU1, 27°0833.7 M S 119°5111.36 M , 
Genbank Accession No. KU549164; 1 spec. seLN7650, 
ll-Jan-2010 and 3 spec. seLN8353, 16-Mar-2010, Bore 
YYAC0019C, 27°0933.17"S 119°5233.77 M E; 1 spec. 
seLN7654, ll-Jan-2010, Bore YYAC1004D, 27°1029.4 M S 
119°5238.34"E; 1 spec. seLN8548b, 21-Mar-2010, Bore 
YYAC1007A, 27°0949.56"S 119°5304.33 M E; 2 spec. 
seLN7423, 12-Nov-2009 and 2 spec. seLN7571, ll-Jan- 
2010, Bore YYAC170, 27°1013.85"S 119°5405.92 M E; 1 
spec. seLN7436, 12-Nov-2009 and 1 spec. seLN8367, 

16- Mar-2010, Genbank Accession No. KU549158, 
Bore YYAC248, 27°1020.35 M S 119°5418.59 M E; 1 spec. 
seLN7378, 12-Nov-2009 and 6 spec. seLN7376, 12-Nov- 

2009, Bore YYAC285, 27°1017.84"S 119°5428.4”E; 2 
spec. seLN7416, 12-Nov-2009 and 1 spec. seLN7640, ll- 
Jan-2010, Bore YYAC35, 27°0958.56”S 119°5226.36”E; 
1 spec. seLN8483b, 15-Mar-2010 and 1 spec. seLN8294, 
20-Mar-2010 and 1 spec. seLN8289, 20-Mar-2010, all 
Bore YYD26, 27°1007.23 M S 119°5212.42"E; 1 spec. 
seLN8399, 17-Mar-2010 and 1 spec. seLN10:0456, 

17- Sep-2010 Genbank Accession No. KU549163, 
Bore YYHC0054C, 27°0814.7"S 119°5111 35 M E; 1 
spec. seLN10:0023, 17-Sep-2010, Bore YYHC0086D, 
27°0808.5"S 119°5111.27"E; 1 spec. seLN8403b, 17-Mar- 

2010, Bore YYHC0139, 27°0817.46"S 119°5111.31 M E. All 
WAM. 

DESCRIPTION 

Habitus. Length 1.9-2.0 mm; relatively flat, weakly 
constricted at junction of pronotum/elytra; elongate, 
elytra slightly wider in middle; uniformly light 
testaceous; hindwing reduced, about a third length of 
elytron. 

Head. A little narrower than elytra; smooth, 
reticulation weak, punctures sparse, very small; 
subparallel in posterior half, widest in middle; eye 
remnant reduced to a single suture. Antenna relatively 
thin, segments 1 and 2 cylindrical, segment 3 as long 
as segment 2, narrower, narrowing towards base, 
segment 4 shorter, segments 5-10 approximately 
equal in shape, progressively slightly smaller, weakly 
expanded at apex on inside; segment 11 thinner, about 
twice length of segment 10, each segment, except 
segment 1, with some very small setae on inside 
apically. Maxillary palpus, elongate, segment 4 as long 
as segments 1-3 combined. 

Pronotum. About as wide as elytra; anteriolateral 
angles projecting strongly forward; weakly constricted 
just before base, posterolateral angles almost square, 
overlying elytra somewhat; smooth, reticulation weak, 
punctures very weak, sparse, a few large ones along 
anterior margin; without basal plicae other than vague 
impressions in some lights; with row of long setae 
laterally in anterior half. 

Elytra. Not fused, lacking inner ridges; sides a 
little wider in middle, smooth, very weakly reticulate, 


sparsely covered with small punctures; row of larger 
punctures inwards from suture and a few additional 
larger punctures with long setae, more frequent 
towards sides. Epipleuron weakly differentiated from 
rest of elytron, that portion of elytron visible ventrally, 
relatively broad in anterior quarter, thin along rest of 
elytron. 

Ventral surface. Prosternal process strongly narrowed 
between coxae, not reaching mesoventrite, apex arrow- 
shaped, tip pointed, strongly arched in lateral view 
with highest point (viewed ventrally) between coxae. 
Anterior margin of mesoventrite in midline sculptured 
to accept pronotal process. Mesocoxae in contact at 
midline. Metaventrite triangular in front in midline; 
wings narrow; rounded in midline behind. Metacoxal 
plates large, shiny, virtually nonreticulate, metacoxal 
lines obsolete; closely adpressed to ventrite 1. Sutural 
lines between ventrites 1 and 2 reaching sides, ventrites 
3-5 mobile, sparsely covered with small seta-bearing 
punctures, ventrites 3 and 4 with a long central seta or 
bunch of long setae. 

Legs. Protibia bow-shaped, relatively narrow, widest 
a little beyond centre where it is about three times its 
basal width; protarsus moderately expanded, segment 
1 nearly 2x as long as broad, segment 2 as wide as 
segment 1 and about a half its length, lobes well marked, 
segment 3 longer than segment 1, much narrower deeply 
bilobed, segment 4 very small, hidden within lobes of 
segment 3, segment 5 narrow, cylindrical, about length 
of segment 3, segments 1-3 with covering of adhesive 
setae; claws relatively long. Mesotrochanter elongate/ 
rectangular with a few thin setae on inner edge near 
tip; mesofemur relatively thin, row of 6-7 relatively 
long spines along basal half, evenly spaced. (Figure 13); 
mesotarsus similar to protarsus, a little more elongate. 
Metatrochanter moderately large, tip rounded (Figure 
14); metafemur relatively thin, lacking spines; metatibia 
narrow, quite strongly curved, widening towards apex; 
metatarsus elongate, segment 1 longest, segment 5 
longer than segment 4, segments 1 and 2 in combination 
about as long as others; claws weak. 

Male. Pro and mesotarsi a little broader. Median lobe 
of aedeagus moderately broad, narrowing near tip, tip 
blunt; basal segment of paramere relatively broad, apical 
segment relatively short, broad, apical lobe long, thin, 
separated from rest of segment, tip rounded, weakly 
curved forwards (Figures 10-13). 

ETYMOLOGY 

Named after the local area and pastoral station on 
which it was found, the word ‘yeelirrie’ is an indigenous 
place name and according to traditional owners it refers 
to a ‘place of death’. 

REMARKS 

A small species morphologically similar to the other 
new species described here, L. odysseus from the same 
calcrete, in its general morphology and in the form of 
the male genitalia but differs from it by its greater size, 
larger number of spines on the mesofemur and the form 
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FIGURES 10-15 Limbodessus yeelirrieensis sp. nov.; 10, 
lateral view of median lobe of aedeagus; 
11, ditto dorsal view; 12, paramere; 13, 
mesotrochanter and mesofemur; 14, 
metatrochanter and metafemur; 15, 
habitus. Scale bar represents 1 mm. 
(habitus only). 


of the apical segment of the paramere. Limbodessus 
yeelirriensis will run to L. phoebeae from Yakabindie 
Station in the key given by Watts and Humphreys (2009) 
but it is smaller, the base of the pronotum is less strongly 
constricted, the spines on the mesofemur are longer, the 
protibia narrower and the apical lobe of the paramere 
shorter. 

Limbodessus odysseus sp. nov. 

Figures 16-21 

urn:lsid:zoobank.org:act:35304BD4-2608-4970-A510- 

C33EE2965A27 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: Yilgarn, Carey 
Palaeodrainage, Yeelirrie Station, 1 S seLN8557, 
21-Mar-2010, Bore YYAC1004C, 27°1024.13 M S 
119°5243.5r'E, collected by Subterranean Ecology Pty 
Ltd, WAM R90977. 

Paratypes 

Australia: Western Australia: Yilgarn, Carey 
Palaeodrainage, Yeelirrie Station, all collected by 
Subterranean Ecology Pty Ltd: 1 S seLN8403 17-Mar- 
2010 Bore YYHC0139, 27°08 17.46 M S 119°5111.31 M E; 
1 S seLN8541, 21-Mar-2010, Bore YYAC118, 
27°1028.8"S 119°5323.06"E; 2 S partial, seLN6621 
l-Sep-2009 Bore YU2, 27°0814.15 M S 119°5111 41 M E, 
slide; 1 $ seLN6593 30-Aug-2009 Bore YYAC0016A, 
27°0956.67"S 119°5220.14"E, Genbank Accession No. 
KU549168.A11 SAMA. 


Other material 

Australia: Western Australia: Yilgarn, Carey 
Palaeodrainage, Yeelirrie Station, all collected by 
Subterranean Ecology Pty Ltd: 1 spec. seLN6478, 
10-Mar-2009 and 9 spec, (elytra) seLN6479, 10-Mar- 
2009, and 2 spec. seLN8507, 15-Mar-2010, Genbank 
Accession No. KU549166, Bore TPB33-1, 27°0801.8 M S 
119°4940.38"E; 1 spec. seLN10:0011a, 17-Sep-2010, 
Bore YU1, 27°0833.7"S 119°5111.36"E, Genbank 
Accession No. KU549160; 1 spec. seLN6590, 30-Aug- 
2009, Bore YYAC0014A, 27°1108.72"S 119°5545.18"E; 
1 spec. seLN8386, 17-Mar-2010, Bore YYAC0014D, 
27°1108.17"S 119 0 5545.31"E; 1 spec. seLN6648, 12-Nov- 

2009, Bore YYAC0019C, 27°0933.17 M S 119°5233.77 M E; 
1 spec. seLN7653, ll-Jan-2010, Bore YYAC1004D, 
27°1029.4"S 119°5238.34"E; 1 spec, (exoskeleton) 
seFN9385, 21-Mar-2010, Bore YYAC1005B, 
27°1046.02"S 119°5228.92"E; 1 spec. seLN9803, 16-Mar- 

2010, Bore YYAC1006B, 27°0941.91"S 119°5311.9"E; 
1 spec. seLN7387 and 1 spec. seLN7386, 12-Nov-2009 
and Bore YYAC118, 27°1028.8"S 119°5323.06"E; 1 spec. 
seLN7678, ll-Jan-2010, Bore YYAC170, 27°1013.85"S 
119°5405.92 M E; 1 spec. seLN7682, ll-Jan-2010, 
Bore YYAC328, 27°1032.5 M S 119°5427.62"E; 1 spec. 
seLNl0:0426, 24-Sep-2010 and 1 spec. seLN7641, ll- 
Jan-2010, Bore YYAC35, 27°0958.56 M S 119°5226.36"E; 
1 spec. seLN8454, 18-Mar-2010, Bore YYHC0048KA, 
27°1451.51 M S 120°0317.46"E, Genbank Accession No. 
KU549170; 1 spec. seLN10:0377, 22-Sep-2010, Bore 
YYHC0118A, 27°0207.98"S 119°4257.41"E, Genbank 
Accession No. KU549165; 1 spec. seLN10:0429, 17-Sep- 
2010, Bore YYHC0118B, 27°0207.63 M S 119°4257.29 M E, 
Genbank Accession No. KU549159; 1 spec. seLN8403a, 
17-Mar-2010, Bore YYHC0139, 27°0817.46 M S 
119°5111.31"E. All WAM. 

DESCRIPTION 

Habitus. Length 1.7 mm; relatively flat, weakly 
constricted at junction of pronotum/elytra; elongate, 
elytra slightly wider in middle; uniformly light 
testaceous; hindwing reduced, about a third length of 
elytron. 

Head. A little narrower than elytra; smooth, 
reticulation weak, punctures sparse, very small; 
subparallel in posterior half, widest in middle; eye 
remnant reduced to a single suture. Antenna relatively 
stout, segment 1 cylindrical, segment 2 barrel-shaped, 
segment 3 a little shorter than segment 2, narrower, 
narrowing towards base, segment 4 shorter, segments 
5-10 relatively broad, approximately equal in shape, 
weakly expanded at apex on inside; segment 11 thinner, 
about twice length of segment 10, each segment, except 
segment 1, with some very small setae on inside apically. 
Maxillary palpus, elongate, segment 4 as long as 
segments 1-3 combined. 

Pronotum. About as wide as elytra; anteriolateral 
angles projecting strongly forward; weakly constricted 
just before base, posterolateral angles projecting 
slightly backwards, overlying elytra somewhat; smooth, 
reticulation weak, punctures very weak, sparse, a few 
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large ones along anterior margin; without basal plicae 
other than vague impressions in some lights; with row of 
long setae laterally in anterior half. 

Elytra. Not fused, lacking inner ridges; sides a 
little wider in middle, smooth, very weakly reticulate, 
sparsely covered with small punctures; row of larger 
punctures inwards from suture and a few additional 
larger punctures with long setae, more frequent 
towards sides. Epipleuron weakly differentiated from 
rest of elytron, that portion of elytron visible ventrally, 
relatively wide in anterior quarter, thin along rest of 
elytron. 

Ventral surface. Prosternal process strongly narrowed 
between coxae, not reaching mesoventrite, apex sides 
subparallel, narrowing to blunt tip, strongly arched 
in lateral view with highest point (viewed ventrally) 
between coxae. Anterior margin of mesoventrite 
in midline sculptured to accept pronotal process. 
Mesocoxae in contact at midline. Metaventrite 
triangular in front in midline; wings narrow; midline 
behind narrowly rounded. Metacoxal plates large, 
shiny, virtually nonreticulate, metacoxal lines obsolete; 
closely adpressed to ventrite 1. Sutural lines between 
ventrites 1 and 2 reaching sides, ventrites 3-5 mobile, 
sparsely covered with small seta-bearing punctures, 
ventrites 3 and 4 with a long central seta or bunch of 
long setae. 

Legs (female). Protibia bow-shaped, relatively narrow, 
widest a little beyond centre where it is about four times 
its basal width; protarsus moderately expanded, segment 
1 about as long as broad, segment 2 as wide as segment 
1 and about a half its length, bilobed, segment 3 longer 
than segment 1, about as wide, deeply bilobed, segment 



FIGURES 16-21 Limbodessus odysseus sp. nov.; 16, 
lateral view of median lobe of aedeagus; 
17, ditto dorsal view; 18, paramere; 19, 
mesotrochanter and mesofemur; 20, 
metatrochanter and metafemur; 21, 
habitus. Scale bar represents 1 mm. 
(habitus only). 


4 very small, hidden within lobes of segment 3, segment 

5 narrow, cylindrical, a little longer than segment 3, 
segments 1-3 with covering of adhesive setae; claws 
relatively long. Mesotrochanter elongate/rectangular 
with a few thin setae on inner edge near tip; mesofemur 
relatively broad with row of 4 spines along basal half, 
evenly spaced. (Figure 19); mesotarsus less expanded 
than protarsus. Metatrochanter relatively large, tip 
rounded (Figure 20); metafemur relatively thin, lacking 
spines; metatibia narrow, quite strongly curved, widening 
towards apex; metatarsus elongate, segment 1 longest, 
segment 5 longer than segment 4, segments 1 and 2 in 
combination about as long as others; claws weak. 

Male. Fegs as for female except pro and mesotarsi 
a little broader. Median lobe of aedeagus moderately 
broad, sides subparallel narrowing rapidly near tip, tip 
blunt; basal segment of paramere moderately broad, 
apical segment relatively short, broad, apical lobe long, 
thin, well separated from rest of segment, tip weakly 
curved backwards meeting extended lobe of basal 
portion of apical segment forwards (Figures 16-18). 

ETYMOLOGY 

Named after the Greek hero Odysseus , in Homer’s 
Illiad and the Odyssey. 

REMARKS 

Morphologically very similar to Limbodessus 
yeelirrieensis described above from the same calcrete 
but it can be separated from this species by its smaller 
size, fewer spines on the mesofemur, less strongly lobed 
pro and mesotarsi and a rather differently shaped apical 
segment of the paramere (Figures 9, 12). In the key 
given in Watts and Humphreys (2009) Limbodessus 
odysseus will run to L. lapostaae Watts and Humphreys 
from Faverton Downs Station but is a bit larger, the 
pronotum less constricted and the lobes of the apical 
segment of the paramere thinner and more separate 
from each other. 

KEYTOTHE SPECIES OF DYTISCIDAE 
FOUND INYEELIRRIE CALCRETES 

1. Fength > 3.0 mm; very elongate; pro and mesotibia 

triangularly produced on inside edge, metatibia 

only slightly expanding towards apex. 

. Paroster angustus sp. nov. 

Fength < 2.5 mm; elongate/oval; pro and mesotibia 
not produced, metatibia strongly expanded 
towards apex.2 

2. Fength approximately 1.7 mm; mesofemur with 4 

spines on rear edge in basal half. 

. Limbodessus odysseus sp. nov. 

Fength approximately 2.0 mm; mesofemur with 6-7 

spines along rear edge in basal half. 

. Limbodessus yeelirrieensis sp. nov. 
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DNA SEQUENCING 

The genetic analyses validated the designation based 
on morphological characteristics of two new species 
of Limbodessus and one new species of Paroster. 
Inter-specific sequence divergences between the 
two Limbodessus spp. ranged from 7.54 to 10.65%, 
and 16.98 to 20.71% between Paroster angustus 
and Limbodessus spp. (uncorrected p distance of 
COl ‘barcoding’ region, Table 2). Intraspecific 
sequence divergence was low in L. yeelirrieensis\ 
three specimens sequenced from three bores (situated 
within 6 km of each other in the central calcrete) 
differed by 0.00 to 1.22%. Sequence divergence was 
higher in L. odysseus; four specimens sequenced from 
four geographically dispersed bores (separated from 
each other by distances ranging from 3 to 43.5 km and 
spanning the northwest, central and southeast calcretes) 
differed by 0.50 to 4.01% (Table 2, Figure 1). 

DISCUSSION 

GENETICS 

The small number of specimens DNA sequenced 
during this study limit the interpretation of 
phylogeographic and population genetic patterns 
within the Yeelirrie calcretes, however the relatively 
high sequence divergence (4.01 %, Table 2) observed in 
L. odysseus shows high phylogenetic variation across the 
44 km range of this species which spans the geologically 
discontinuous northwest, central and southeast calcretes. 
This indicates large and long term stable population size 
of this species across its range. Genetic variation among 
sympatric dytiscid species has been studied at fine 
spatial scale within the Sturt Meadows calcrete where 
even within a 3.5 km 2 grid of bores all three species 
exhibited high levels of haplotype diversity and spatial 
heterogeneity in the distribution of genetic variation and 
abundance (Guzik et al. 2009). 

Regionally, the two Limbodessus species from 
Yeelirrie are more closely related to species from 
other calcretes than to each other. The closest sister 
species to L. yeelirriensis sp. n. are L. phoebeae from 
Lake Miranda calcrete (Carey palaeochannel) and 
L. gumwellensis from Perrinvale calcrete (Raeside 
palaeochannel). However, these three species were 
only moderately related at approximately 5.1-67% 
sequence divergence (COI). The nearest sister species 
to L. odysseus sp. n. (at approx. 5.6-8.2% COI) were L. 
nambiensis from Nambi calcrete (Carey palaeochannel) 
and L. surreptitius from Challa calcrete (Murchison 
palaeochannel) (Watts and Humphreys 2006). Paroster 
angustus appears to have more distantly related sister 
species, including P. melroseensis and P. darlotensis 
from the Melrose Station/ Lake Darlot calcrete in 
the lower Carey palaeodrainage (78-9.4% sequence 
divergence COI), and an undescribed species at Belele 
calcrete in the Murchison (9.4%). 

The phylogenetic relationships and evolution of the 
Yilgarn Limbodessus and Paroster species has been 


studied in detail (Leys et al 2003; Leys and Watts 
2008; Guzik et al. 2009; Leijs et al 2012), suggesting 
that most diving beetle species in individual calcrete 
aquifers originated from independent colonisations 
of a restricted number of widespread surface species, 
that subsequently evolved different body sizes under 
selection pressure to fit the subterranean ecological 
niche space (Vergnon et al 2013). The three new 
species from the Yeelirrie calcretes fit within the above 
described evolutionary pattern. Currently, there is no 
clear understanding of specific niche differences among 
dytiscid taxa, however we consider it probable that 
habitat structure especially matrix porosity (size and 
connectivity) and water physico-chemistry (salinity) 
may be important. 

DISTRIBUTION PATTERNS 

All three species qualify as short range endemics 
(sensu Harvey 2002; Harvey et al. 2011) with 
their distributions restricted to the series of semi- 
discontinuous groundwater calcrete islands comprising 
the greater Yeelirrie calcrete archipelago which has a 
linear extent of approximately 60 kilometres. The wider 
recorded distribution range for Limbodessus odysseus, 
which extended to the northwest and southeast calcretes 
is notable. Although the occurrence of P. angustus 
and L. yeelirriensis at the northwest and southeast 
calcretes cannot be precluded considering the overall 
low detectability of these dytiscids (4.3 % and 5.8 % of 
257 sampled bores respectively and 3.6 % and 3.9 % of 
642 samples), we suggest that the distribution range of P. 
angustus and L. yeelirriensis is probably confined to the 
central calcrete. 

The wider distribution of L. odysseus may be 
explained by its small size which may facilitate its 
dispersal and colonisation of interstitial or sub-karstic 
calcrete habitats, although the size difference between 
L. odysseus and L. yeelirriensis is fairly minor (1.7mm 
body length vs 1.9 to 2.0mm) Small-sized dytiscids 
are not restricted to karstic subterranean habitats and 
in Australia they have been found in alluvial aquifers, 
for example, Carabhydrus stephanieae from the Pages 
River and Dart Brook alluviums in the upper Hunter 
Valley, New South Wales (Watts et al. 2007). 

The survey results across all stygofauna taxa 
indicate that the central calcrete is a localised diversity 
hotspot supporting from 1.5 to 2x the number of 
species compared with the other Yeelirrie calcretes 
(Subterranean Ecology 2011). This interpretation is 
consistent with an additional survey (66 samples) which 
aimed to show the wider distribution of stygofauna 
species currently only known from areas of predicted 
groundwater drawdown (Bennelongia 2015). This 
survey, concentrated in the central calcrete and adjacent 
palaeochannel sediments outside of areas of predicted 
groundwater drawdown, recorded 15 additional 
stygofauna species not recorded in earlier surveys, 
but no supplementary findings of P. angustus and L. 
yeelirriensis. 
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The central calcrete evidently provides optimum 
habitat for stygofauna and perhaps also contains a 
greater diversity of specialised ecological niches (e.g. 
differing in salinity) thus permitting more species 
to occupy the area. Additionally, this calcrete may 
have inherently greater buffering capacity against 
environmental changes over time owing to its relatively 
large size and therefore it might be expected to maintain 
a more stable subterranean environment than the 
smaller calcretes. The northwest, central and southeast 
calcrete bodies are separated by intervening geology of 
palaeochannel alluvium /colluvium, however it is not 
impossible that the calcrete bodies were geologically 
connected in the past, or that fluctuating groundwater 
levels and interstitial habitat connectivity has enabled 
past or contemporary dispersal by some of the 
subterranean species in the Yeelirrie calcretes. The 
few sequence data available shows maximum as well 
as minimum divergences between NW-central and 
central-SE, which may indicate both old and more 
recent connectivity. These concepts are supported by the 
complex speciation and distribution patterns (sympatry, 
parapatry, allopatry) observed for multiple copepod taxa 
described from Yeelirrie which suggest an evolutionary 
history involving multiple colonisation and speciation 
episodes within this area of patchy and heterogeneous 
groundwater habitat (Karanovic and Cooper 2011a, b, 
2012; Karanovic et al. 2015, 2016). 

GROUNDWATER ENVIRONMENT 

The groundwater physico-chemistry demonstrated 
that the Yeelirrie dytiscids can tolerate a considerable 
range in salinity, with EC values ranging from 2.3 
to 37.1 mS/cm (Table 2). Dytiscids appear to be less 
tolerant of more saline conditions than some other 
stygofaunal taxa at Yeelirrie, including parabathynellid 
syncarids and harpacticoid copepods which were 


collected from bores with recorded EC values of 57.3 
and 73.7 mS/cm respectively (Subterranean Ecology 
2011 unpublished data). Salinity is an important factor 
influencing stygofauna diversity and abundance, and 
many taxa are intolerant of high salinities, however the 
Yilgarn stygofauna in particular is notable for the high 
salinity tolerance exhibited by taxa more typically found 
in ‘fresh’ groundwater environments Humphreys (2008). 

The high capture success using the scraping method, 
which involves dipping the net just below the bore 
water surface (whereas the net haul method drags the 
entire bore water column) suggests that dytiscids are 
congregating near the water surface in bores. This 
finding is not unexpected given that all water beetles 
need to regularly return to a free air surface to breath. 
Bores also act as pitfall traps for surface invertebrates, 
which may accidentally fall onto the water surface and 
become potential prey for dytiscids. 

IMPLICATIONS FOR ENVIRONMENTAL IMPACT 
ASSESSMENT 

The localised heterogeneity in distribution of dytiscids 
and other stygofauna (most notably copepods, Karanovic 
and Cooper 2011a, b; 2012; Karanovic et al. 2015, 
2016) observed in the greater Yeelirrie calcrete was 
revealed only through concentrated field survey efforts 
combined with thorough taxonomic scrutiny including 
DNA sequencing (Subterranean Ecology 2011). The 
survey effort applied in this study exceeded by 3 to 4x 
the minimum number of samples and sample events 
recommended by the EPA (2007) for environmental 
impact assessment (EIA). The results of this survey 
clearly indicate that substantially greater survey effort 
than typically practised in most pre-mining surveys 
conducted in Western Australia is required to give 
confidence in EIA of stygofauna, and this proviso 


TABLE 2 Pairwise uncorrected p distances of COI of 'barcoding' region. Species are labelled using the first letter 

of their genus and species name respectively. Intra-specific distances of Limbodessus yeelirriensis (Ly) 
and L. odysseus (Lo) are bolded (and see Figure 1). 


Survey 

Sector 

Species 
(hole identifier) 

Ly 

(54C) 

Ly 

(VU1) 

Ly 

(33-1) 

Lo 

(118A) 

Lo 

(33-1) 

Lo 

(48K) 

Lo 

(16A) 

Central 

Ly (54C) 








Central 

Ly (YU1) 

0.00 







Central 

Ly (33-1) 

1.12 

1.22 






North-west 

Lo (118A) 

8.30 

8.22 

9.64 





Central 

Lo (33-1) 

7.57 

7.54 

9.08 

1.61 




Central 

Lo (16A) 

9.98 

9.27 

10.65 

4.01 

2.48 



South-east 

Lo (48K) 

8.46 

7.69 

9.23 

2.13 

0.50 

1.20 


Central 

Pa (YU2) 

20.71 

21.00 

20.18 

19.49 

18.71 

19.23 

16.98 
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applies both in regions where stygofauna is known to 
be diverse and abundant such as the northern Yilgarn 
calcretes, as well as regions where stygofauna is less 
diverse and abundant such as the southern Yilgarn (see 
Karanovic et al. 2013). 

IMPACT OF PROPOSED MINE AND AQUIFER 
DEWATERING 

The Yeelirrie mine development will result in 
permanent loss of 17% (by area) of the PEC through 
excavation, and 42% of the saturated calcrete habitat 
will experience drawdown of -0.5 m or greater (Cameco 
Pty Ltd 2016). Of the 73 stygofauna species recorded, 
nearly all (except four) appear to be short-range 
endemics restricted to the Yeelirrie calcrete and adjacent 
palaeochannel sediments (Cameco Pty Ltd 2015, 2016). 
To reduce the impact Cameco propose to strategically 
locate production supply wells in the areas north of the 
valley floor and north of the proposed pit, away from 
areas of preferred stygofauna habitat (Figure 1). Prior to 
Project commencement Cameco have also committed to 
develop a Subterranean Fauna Management Plan which 
will include a monitoring program and the setting of 
trigger criteria and contingency actions (Cameco Pty 
Ltd 2015, 2016). Despite these measures, the proposed 
mine pit and aquifer drawdown to -0.5 m or greater will 
impact 42% of the core stygofauna habitat and around 
60% of the recorded distribution range of Paroster 
angustus and Limbodessus yeelirrieensis (Figure 1). 
The impact of this amount of habitat removal and water 
table lowering on the long term viability of the surviving 
populations of these two dytiscid species, and their 
associated stygofauna community, is unknown and 
cannot be predicted with any confidence. 
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ABSTRACT - Two new species of silverfish are described from deep subterranean habitat of north¬ 
western Australia. One belongs to Lepidospora (Brinckina) Wygodzinsky and is the first record of the 
subfamily Coletiniinae in Australia. The second species belongs to the genus Metrinura Mendes, and is 
the first to be described from Western Australia. 
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INTRODUCTION 

Silverfish of the family Nicoletiidae are eyeless 
and lack pigment. They are found in soil-related or 
subterranean habitats such as caves. Smith (1998) 
reviewed the family in Australia, at that time treating 
the Atelurinae as a separate family, rather than as a 
subfamily of the Nicoletiidae. More recent publications 
(Smith et aL, 2012, Smith & McRae, 2014 and Smith, 
2016) have shown the deep subterranean habitats in 
Western Australia’s Pilbara region to have a diverse 
nicoletiid silverfish fauna including also genera of the 
Atelurinae usually considered as inquilines of ants or 
termites rather than hypogean. When describing some 
subterranean Atelurinae Smith & McRae (2014) noted 
that species of Hemitrinemura Mendes, 1994 had also 
been collected from the same drill holes. Subsequent 
closer examination of this material has found that these 
specimens in fact belong to Lepidospora (Brinckina) 
Wygodzinsky, 1955 of the subfamily Coletiniinae. 
This subfamily had not previously been reported 
from Australia, with most of its species described 
from the Afrotropical, Palaearctic and Indo-Malaya 
zoogeographic regions. One new species of this 
subgenus is described along with a new species of 
Metrinura Mendes, 1994, a genus of the Subnicoletiinae 
with several representatives already described from 
Australia, but the first to be described from Western 
Australia and also the first from the deep subterranean 
habitat. 


SPECIMEN COLLECTION AND 
PREPARATION METHODS 

Specimens were collected from mining exploration 
drill holes using the methodology outlined in Halse & 
Pearson (2014) and stored in 100% ethanol. Silverfish 
are quite soft bodied and easily damaged during 
collection from deep subterranean habitats. They are 
also often covered with very fine dust which can obscure 
observations. 

A series of measurements of all specimens was 
undertaken according to the method described in 
Smith (2013). All silverfish specimens mentioned will 
be deposited with the Western Australian Museum, 
Perth. Unless specified as being mounted on slides, all 
specimens are stored individually in 80 or 100% ethanol. 

Some specimens, including always the holotype, 
were dissected in 80% ethanol using an Olympus SZ61 
stereomicroscope and each mounted on two or three 
slides using Tendeiro medium (Molero-Baltanas et al., 
2000), with the head and thorax mounted on one slide 
and the abdomen on a second slide. Drawings made with 
the aid of an Olympus CX31 binocular microscope fitted 
with a U-DA drawing attachment. Tissue samples were 
collected during dissection for possible sequencing at a 
later date. Some twisting of macrochaetae was observed, 
but this was not as extensive as previously reported 
(Smith et al., 2012) when specimens were dissected in 
100% ethanol. 
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Roman numerals are used to indicate abdominal 
segment number. The following abbreviations are also 
used: HW: head width (in millimetres); H+B: head 
and body length (in millimetres); L/W: length to width 
(ratio); PI, PII, Pill: legs of pro-, meso- and metathorax 
respectively. The term macrochaetae refers to the 
larger stronger bristles, setae refers to smaller thinner 
bristles (usually simple) and setulae to the very small 
microsetae. Terminology for the ‘segments’ of the 
antennae, terminal filaments and ovipositor follows that 
explained in Smith (2015) where the term annulus will 
be used for each single unit of the flagellum (excluding 
pedicel and scape), usually a widened region carrying a 
single rosette of setae (but occasionally with a smaller 
secondary rosette), T-annulus for each annulus bearing 
a trichobothrium, interval for the group of annuli 
between T-annuli with the T-annulus being the most 
distal annulus of the interval. For the terminal filaments 
and ovipositor, the term division will be used for each 
‘segment’ defined by a visible suture, albeit often faint. 

SYSTEMATICS 

Family Nicoletiidae Lubbock, 1873 

Nicoletiadae Lubbock, 1873: 201. 

Gymnodermata Joseph, 1882: 25. 

Nicoletiinae Lubbock.—Escherich, 1905: 36. 
Nicoletiidae Lubbock.—Remington, 1954: 284. 

Subfamily Coletiniinae Mendes 1988 

Coletiniinae Mendes, 1988: 768. 

Lepidospora (Brinckina) Wygodzinsky 1955 

Lepidospora Escherich, 1905: 131 pro parte. 

Lepidospora (Brinckina) Wygodzinsky, 1955: 179. 

TYPE SPECIES 

Lepidospora (Brinckina) makapaan Wygodzinsky, 
1955 by original designation. 

Lepidospora (Brinckina) relicta sp. nov. 

Figures 1-34 

urn:lsid:zoobank.org:act:18AFB41F-87DD-4A6E-B432- 

C78C3962DDFF 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia : $ (HW 0.75), 
Cape Preston, Central block (A18 shallow CPM040) 
(21.07758°S, 116.1465°E), 27 September 2007, J.S. 
Cocking, M.D. Scanlon, scrape method to 33 m depth 
(WAM E89239) on three slides, pieces of terminal 
filaments and an antenna plus one leg were found in the 


same tube as the holotype, presumably from it, and were 
mounted on a separate slide. 

Paratypes 

Australia: Western Australia. S (HW 0.70), Cape 
Preston, Central block (A34 CPM 009) (21.0713°S, 
116.14119°E), 11 February 2008, J.S. Cocking, M.D. 
Scanlon, scrape method (WAM E89240) on two slides 
including a piece of one antennae and five pieces of 
terminal filament that were loose in the same tube and 
presumably from this and the following specimen; 
S (HW 0.70), same data as previous (WAM E89241) 
incomplete specimen in two pieces (head, thorax and 
abdomen I+II, and abdomen III-VI) in alcohol; $ 
(HW 0.78), Cape Preston, Central block (A6 CPM011) 
(21.07594°S, 116.14517°E), 27 September 2007, J.S. 
Cocking, M.D. Scanlon, scrape method to 35 m depth 
(WAM E89244) in 100% ethanol in two pieces in poor 
condition covered with fine fungal hyphae. 

DIAGNOSIS 

Males of this species can be distinguished from other 
species of the subgenus by a combination of characters 
such as the shape of the apophysis and its terminal 
spine, the absence of longer setae over the disc of the 
tergites, the lack of chaetotaxy in the medial region of 
the posterior margin of the tergites including urotergite 
IX, the elongated and downward directed posterior 
processes of urotergite X and its 10+10 pegs, the 
barbed styli, the slightly protruding posterior margin 
of urosternite VIII which is straight not round, the 
very thin curved parameres and by the presence of 2+2 
conules on both of the first two divisions of the median 
filament. 

DESCRIPTION 

Appearance : Medium sized, parallel-sided silverfish 
with elongate antennae and terminal filaments i.e. a 
shape typical for genus (Figure 1). Appearance when 
live unknown, probably white in colour, alcohol 
preserved specimens off-white. Pigment lacking. 

Body length : H+B in preserved specimens examined, 
up to about 6.5 mm (HW 0.75) after accounting for the 
distended abdomen, thorax length up to 1.93 mm or 
about one quarter H+B and width 0.93 mm; antennae 
broken in all specimens but at least two thirds H+B; 
caudal filaments broken in all specimens, estimating 
from loose pieces in tube their length is probably as long 
as H+B. 

Scales : Multi-radiate with about 15-20 ribs which 
do not extend significantly beyond the posterior end of 
the membranes, similar in shape on both dorsal (Figure 
2) and ventral surfaces (Figure 3), mostly rounded or 
somewhat pointed apically, those on the ventral surface 
somewhat larger; scales covering body but absent 
from head and its appendages, from the legs (although 
present on all coxae), paramera, cerci and median dorsal 
appendage and probably the ovipositor (present on 
subgenital plate). 
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Macrochaetae: Most simple, parallel-sided with 
distinct apical bifurcations (Figure 4) but some on 
legs are stout and carrot-shaped usually without an 
apical bifurcation. Some of the longer parallel-sided 
macrochaetae, when slide mounted, show the same 
distortion reported in Smith et al. (2012) which is 
now believed to be an artefact caused by the Tendeiro 
medium. 

Head : Almost as long as wide, not covered 
by prothorax at hind margin (Figures 5 and 6), 
prognathous, vertex with 1+1 long macrochaetae in 
postero-lateral corners each accompanied by a small 
macrochaeta laterad to them; 3+3 long macrochaetae in 
antero-lateral corners adjacent to the antennal bases and 
1+1 setae between the two groups; disc with scattered 
small fine setae. Clypeus with transverse row of six 
setae, the outermost being apically bifurcate. Labrum 
with similar transverse row of setae, two of which are 
longer than the others (Figure 5). Antennae elongate; 
scape of S long, with several strong macrochaetae 
(Figure 6); pedicel of S with large thumb-shaped 
apophyses on mediad face (Figures 6-8) about three 
times longer than wide, armed sub-apically with a 
short conical seta on the dorsal aspect, each apophysis 
reaching to about half the length of the apparently long 
first interval of the flagellum; this first interval appears 
to be one complete interval on both antennae of the 
holotype but on the paratype (E89240) weak sutures 
are visible indicating the basal interval is composed 
of four annuli; six trichobothria on the basal annulus 
and two each on the following three annuli; the next 
interval (nominally the fifth interval) has two rosettes 
of setae each with two trichobothria, intervals six 
to eight also with two rosettes of setae but with two 
trichobothria only in the most distal rosette; subsequent 
intervals further subdivided into four annuli, each 
with a rosette of setae and two trichobothria in the 
most distal annulus; intervals on more distal fragment 
consisting of eight annuli and apparently only a single 
trichobothrium in the most distal annulus. Mandibles 
(Figures 9, 10) strong with well-developed molar and 
incisor regions and one apically bifurcate macrochaeta 
on the external face as well as a few longer simple 
setae. Maxillae (Figures 11-12) of usual form, galea 
only surpassing length of lacinia by the two distinct 
apical papillae, lacinia well sclerotized with one 
strong apical tooth and a quite strong secondary tooth; 
pectinate prostheca shorter than lacinia with several 
rounded lamellae and about 12 setae along margin; 
maxillary palp very long with the ultimate article 
about five times longer than wide and 1.0-1.2 times 
longer than the penultimate article, second article with 
subapical ring of strong apically bifurcate setae, third 
article subapically with one stronger seta, ultimate 
article with six papillae of usual form. Labium (Figure 
13) longer than wide with palp quite short compared to 
that of the maxilla, ultimate article is about 1.4 times 
longer than wide (range 1.32-1.50) with six papillae 
of usual type; the penultimate article with a rosette of 
longer stronger setae in proximal third. 


Thorax : Weak, about one quarter H+B and not wider 
than the abdomen, all nota of similar size; prothorax 
with obvious collar of longer and shorter macrochaetae 
and smaller setae, all nota with several strong apically 
bifurcate macrochaetae near but not on the lateral 
and the outer parts of the posterior margins, as well 
as shorter setae and setulae, the medial part of the 
posterior margin without macrochaetae; disc of nota 
with scattered setulae (Figures 14-16). 

Legs typical for genus, tibia L/W ratio of legs PI 3.2- 
3.5, PII 4.0-4.1, PHI 4.6-4.9; tarsi L/W ratio PI 9.1-11.2, 
PII 9.1-10.9, PHI 13.0-14.5. Legs becoming increasingly 
long from PI to Pill (ratio of tibia length PI to PHI = 
0.62 and tarsus = 0.64). Legs quite elongate (Figures 17, 
18). Coxae with about five long macrochaetae spaced 
along the outer margin, with smaller macrochaetae more 
distally along this margin as illustrated, inner margin 
also with two macrochaetae, margins and face covered 
with scattered fine setae and some scales; trochanter 
with one small macrochaeta and several smaller setae; 
femur with about five stout curved spines along leading 
margin, becoming longer distally, posterior margin with 
two macrochaetae, the more distal is more robust; tibia 
with two stout macrochaetae near the dorsal margin 
about one third and two thirds the distance along this 
margin, ventral margin with four tapered macrochaetae 
and three or four smaller, stout macrochaetae in a line 
near the distal margin, the usual distal spur is fairly 
short and usually with a couple of small subapical teeth 
distally (Figure 19); tarsus with four articles the basal 
one being almost as long as the other three together on 
PHI, each article with paired stout setae along its ventral 
surface; pretarsus (Figure 20) with two strong claws and 
a stout medial empodial claw. 

Abdomen : Not much narrower than the thorax at its 
base. All urotergites wrap around the body but without 
a sharp fold laterally. A suture between the tergite 
and the paratergites visible on II-VII. Abdominal 
tergites (Figure 21) with 3-4+3-4 submarginal apically 
bifurcate macrochaetae on the postero-lateral margins, 
three mediad of the suture with the paratergite and one 
laterad of the suture, as well as three or four simple 
setae almost as long as the macrochaetae but arising 
closer to the margins and some smaller setulae; medial 
area of posterior margin glabrous. Urotergite IX (Figure 
22) with only 1+1 bifurcate macrochaetae and 3+3 long 
setae (plus setulae) in the postero-lateral corners. Discs 
of all tergites with a few scattered setulae, decreasing in 
number posteriorly. Urotergite X with shallow rounded 
posterior emargination, the posterior corners appearing 
rounded from above (Figures 23, 24), but these are 
actually the side of a downward pointing projection 
better seen in the paratype (Figure 25) where urotergite 
X is lying on its side; each arm of the tergite armed 
with 10 pegs, lateral margins of each arm with a few 
stout setae as well as some on the disc near the posterior 
rounded projections. 

Urosternite I divided into a median sternum and two 
lateral coxites (Figure 26), the sternum with a few setae 
in the medial region, the posterior margin with a longer 
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seta on each coxite near the suture and the sternum with 
two setae, as well as some setulae. Urotergites II-VII 
entire (Figure 27), not divided into separate coxites and 
median sternum, each bearing 1+1 styli and two strong 
apically bifurcate macrochaetae in the middle of the 
disc, and another subposteriorly on each side mediad 
of the base of each stylus; posterior margin with 1+1 
macrochaetae and some setulae, the margins laterad 
of the styli with a few setae and setulae. Eversible 
vesicles (Figure 28), each with about four or five setae 
on the vesicle as well as a few setulae, on urosternites 
II-VI; VII with pseudovesicles. Urosternite VIII (Figure 
29) entire, without vesicles, with 1+1 subposterior 
macrochaetae as well as the 1+1 macrochaetae mediad 
of each stylus base but lacking macrochaetae on the disc 
of the sternite, posterior margin slightly protruding and 
with some setulae, margins laterad of the styli with two 
setae and some setulae. Apical spine of the few styli still 
present all with three teeth (Figure 30). 

Urosternite IX (Figure 31) divided into separate 
coxites bearing styli and long, slightly curved parameres 
(L/W 7.3-9.8). Parameres reach to about one half or two 
thirds the length of the styli, with several setae along 
their length and some small apical setulae. External 
process with one small seta and a setula; internal 
process with setae near the inner margin. Penis in 
holotype partly obscured by dirt, with longitudinal 
opening lined with hairs or lamellae, some glands visible 
basally. 

Appendix dorsalis of S dorsally with 2+2 pegs on 
each of the two basal divisions (Figure 23), following 
division with two rosettes of setae, macrochaetae and 
small trichobothria, the ventral macrochaetae strongly 
bifurcate; more distal divisions also with two rosettes 
of setae and macrochaetae, with those on the ventral 
face strongly bifurcate (two macrochaetae in the 
proximal rosette and three in the distal), trichobothria 
on the distal rosette of every fourth division (Figure 
32); basal division of cerci (Figure 23) without modified 
chaetotaxy, following division with two rosettes of setae 
and trichobothria, each rosette with a modified peg on 
the medial face, third division (lacking obvious suture 
with second division on the left cercus of the holotype) 
similar to second, fourth division without modified 
chaetotaxy, having two rosettes of setae, macrochaetae 
and trichobothria; more distal divisions very long with 
several rosettes per division, the divisions possibly 
subdivided by indistinct sutures (Figure 33). 

Female 

As for male except pedicel without apophyses; 
urotergite X trapezoidal with 1+1 macrochaetae in 
the postero-lateral corners plus a mediad seta, medial 
indentation shallow (Figure 34), without pegs on 
ventral surface; terminal filaments presumably also 
without pegs. Genital region damaged and not easy to 
examine. Subgenital plate rounded subtriangular with 
small submarginal setae distally. Ovipositor is very 
slightly spindle-shaped (wider in the mid region) and 
not particularly long, probably only reaching to about 
the apices of styli IX (if they had not been lost), with 


about 14 divisions. The apex of the anterior valves with 
a typical acute triangular projection, that of the posterior 
valves rounded; both with simple fine setae only. 

ETYMOLOGY 

The species is named from the Latin adjective relicta 
meaning relic, assuming the new species represents one 
of the last remnants of a once more widely distributed 
genus. 

HABITAT 

All material examined was collected from boreholes 
in outcrops of weathered banded iron formation 
containing vugs and voids that provide habitat for 
troglofauna. Mean annual rainfall at nearby Mardie 
weather station is 277 mm, with 88% of the rain falling 
between January and June. The mean annual maximum 
temperature is 33.9°C, with mean monthly maximum 
temperatures being close to 38°C from January to 
March. 

DISCUSSION 

This species is the first of the subfamily Coletiniinae 
to be described from Australia; all other nicoletiids 
belong to the Subnicoletiinae or Atelurinae. Re¬ 
examination of further material collected from deep 
subterranean habitats in the Pilbara which was 
previously thought to belong to Hemitrinemura 
has shown all specimens to belong to Lepidospora 
(Brinckina), including material from three areas of the 
Hamersley Range near Mt Farqhar (S22.58° El 16.73°), 
Mt Sheila (S22.13° E117.76 0 ) and Paraburdoo (S23.16° 
El 17.90°). 

The great majority of Coletiniinae species have been 
described from the Afrotropical, Palaearctic and Indo- 
Malaya biogeographic regions, with just a single species 
described from the Neotropical region. The subgenus 
Brinckina is known from the Democratic Republic of 
Congo, Kenya, South Africa, China and Afghanistan, 
but until now not Australia although its presence in 
Papua New Guinea was suspected (Smith, 1998). 

The apparent absence of Coletiniinae records from 
soil habitats in Australia suggests a similar scenario to 
that proposed for the Australian Dodecastyla species in 
Smith & McRae (2014) where a more widespread genus 
has survived the increasingly dryer climate in Australia 
since the mid-Miocene (10-15 MY) by retreating to the 
more humid deep subterranean habitat. In contrast to 
Dodecastyla, which has a late Gondwanan distribution 
(Chile and Australia) c. 50 MY, the Coletiniinae have 
a much broader distribution suggesting a much longer 
presence in Australia and a possible Pangaean origin (ca 
200 MY). 

Affinities are difficult to determine based on 
morphology. This difficulty is only partly due to the 
quality of earlier descriptions and the possibility of 
misinterpretation of some characters such as the degree 
of elongation of urotergite X, but also to the lack of 
consistent patterns. Two species from the Congo ( L . (B.) 
hamata Mendes, 2002 and L. (B.) garambensis Mendes, 
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FIGURES 1-12 Lepidospora (Brinckina) relicta sp. nov., holotype S unless indicated otherwise by specimen number: 1, 
habitus, drawn as if not distended; 2, scale from mesonotum; 3, scale from urosternite; 4, macrochaeta 
from anterior margin of pronotum; 5, head, on slide; 6, head in alcohol (E89240); 7, left pedicel; 8, right 
pedicel of S paratype (E89240); 9, mandible; 10, idem, molar and incisor areas; 11, maxilla; 12, lacinia, 
galea and prostheca. All scale bars 0.1 mm unless otherwise indicated. 
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FIGURES 13-20 Lepidospora (Brinckina) relicta sp. nov., holotype S'- 13, labium; 14, pronotum; 15, mesonotum; 16, 
metanotum; 17, PI (WAM E82749); 18, Pill; 19, apex of tibia of Pill; 20, pretarsus of PI. All scale bars 0.1 mm. 



















TROGLOBITIC NICOLETIIDAE FROM NORTH-WESTERN AUSTRALIA 


47 



FIGURES 21-29 Lepidospora (Brinckina) relicta sp. nov., holotype S unless indicated otherwise by specimen number: 21, 
urotergite III; 22, urotergite IX; 23, urotergite X, and base of terminal filaments; 24, underside of urotergite 
X of S', 25, urotergite X of paratype (E89240) ventro-lateral view; 26, urosternite I; 27, urosternite II; 28, 
eversible vesicle of urosternite IV; 29, urosternite IX. All scale bars 0.1 mm. 
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FIGURES 30-34 Lepidospora (Brinckina) relicta sp. nov., holotype male unless indicated otherwise by specimen number: 

30, apex of stylus IX; 31, coxites IX and genital region of S', 32, most distal remaining divisions of appendix 
dorsalis; 33, most distal remaining divisions of cercus; 34, urotergite X of $ (E89244). All scale bars 0.1 mm. 


2002) form a reasonably distinct clade as mature males 
in both species have short pedicellar apophyses with a 
minute apical spine and they lack modified chaetotaxy 
on the base of the median filament. All other species 
(except possibly L. (B.) alticola Wygodzinsky, 1965 
where males are not yet known) have a longer thumb¬ 
like apophysis with a more prominent, and subapical, 
spine. Completely opposite to the Congo species, 
Lepidospora. (B.) makapaan Wygodzinsky, 1955 stands 
alone in having modified chaetotaxy on the median 
filament but not on the cerci. The new Australian species 
resembles the Asiatic species ( L. (B.) hemitrichoides 
Wygodzinsky, 1962 from Afghanistan and L. (B.) 
hemitricha Silvestri, 1942 from Indochina) in having 
modified chaetotaxy on all terminal filaments in adult 
males as well as the longer pedicellar apophyses, 
however the shape of the modified chaetotaxy is quite 
different with thickened pointed setae in the Asiatic 
species but rounded pegs in all other species. The 
Asiatic species also show stronger setation on the disc 
of all thoracic and abdominal tergites. Lepidospora (B.) 
relicta also shares with L. (B.) hemitrichoides the long 
extensions to urotergite X, but this character can be 
difficult to see on some slide mounted material, almost 
requiring a poorly laid out specimen before it is obvious. 
The ovipositor, although damaged in the only female 
specimen available, is short, similar to that of L. (B.) 
makapaan, and in contrast to all other species where it 
is long. This may be a localised adaptation rather than 
reflecting phylogeny. 


Mendes (2002) presented a key to the Lepidospora. 
The new species causes problems at couplet 33 as it has 
an apophyses about three times longer than wide but 
pegs occur on all terminal filaments. Couplet 33 should 
be replaced and a new couplet added as follows: 

33. Pedicellar apophyses not more than twice as long as 
wide.34 

Pedicellar apophyses about three times longer than 
wide. 37 

37. Pedicellar apophyses somewhat curved, with 
minute apical spine. Male urotergite X with non- 
elongated posterior apices bearing (7-9)+(7-9) 
sclerotised pegs. Paramera about five times longer 
than wide. Pegs on male cerci only. Ovipositor 
surpassing end of styli by about 2.5 times the 

length of the stylus. 

L. (B.) garambensis Mendes 2002 Eastern Congo, 
D.R. (E) 

Pedicellar apophyses straight, with spine subapical 
and about !4 as long as the apophysis is wide. 
Male urotergite X with elongated apices bearing 
10+10 pegs. Paramera seven to ten times longer 
than wide. Pegs on male cerci and median 
filament. Ovipositor only about as long as the 

apices of stylet IX. 

. L. (B.) relicta sp. nov. Australia (C) 
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Subfamily Subnicoletiinae Mendes, 1988 

Subnicoletiinae Mendes, 1988: 769. 

Metrinura Mendes, 1994 

Metrinura Mendes, 1994: 99. 

TYPE SPECIES 

Trinemura novaecaledoniae Silvestri, 1915 by original 
designation. 

Metrinura taurus sp. nov. 

Figures 35-59 

urn:lsid:zoobank.org:act:856AAB06-43B6-49FA-B109- 

FECC6E0E7F8A 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia. S (HW 0.78), 
Kimberley Matsu exploration site c. 100 km SSW 
Kununurra (MATC122 KMG014) (16.70442°S, 
128.34741°E), 11 September 2014, M.K. Curran, J.S. 
Cocking, scrape method (WAM E89235) on two 
slides. The holotype was covered in a very fine dust, 
resulting in some opacity when using the transmission 
light microscope, however not enough to significantly 
compromise the description. The holotype was also in 
a pre-moult condition, with new setae visible under the 
old cuticle. 

Paratypes 

Australia: Western Australia : $ (HW 0.81), 
Kimberley Matsu exploration site, c. 100 km SSW 
Kununurra (MATC001 KMG023) (16.69394°S, 
128.32834°E), 16 July 2014, M.K. Curran, J.S. Cocking, 
scrape method (WAM E89236) in alcohol; $ (HW 
0.94), Kimberley Matsu exploration site, c. 100 km 
SSW Kununurra (MATC201 KMG006) (16.70184°S, 
128.33634°E), 15 July 2014, M.K. Curran, J.S. Cocking, 
scrape method (WAM E89237) in alcohol; $ (HW 0.85), 
Kimberley Matsu exploration site (MATC131 KMG016) 
(S16.70549°S, 128.35090°E), 15 July 2014, M.K. Curran, 
J.S. Cocking, scrape method (WAM E89238) in alcohol. 

DIAGNOSIS 

Mature males of this species can be distinguished 
from congeners by the unusual horn-shaped apophysis 
on the pedicel, by the comparatively small proximal 
and large distal eversible part of the paramera, by the 
absence of anemone-like structures on the cerci, by the 
barbs on the apical spine of the styli and the rounded 
barb on the outer claws of the pretarsus, as well as the 
short series of stout modified setae on the cerci and 
appendix dorsalis. 

Females can be partially distinguished by the 
subtriangular shape of the subgenital plate, the shape of 
the pretarsal claws, the barbs on the apical spine of the 
styli and the long ovipositor of 13-14 divisions. 


DESCRIPTION 

Appearance : Medium sized, parallel-sided silverfish 
with elongate antennae and terminal filaments (Figure 
35); appearance when live unknown, probably white in 
colour, alcohol preserved specimens off-white. Holotype 
covered in fine dust which adheres differently on 
different cuticular surfaces. 

Head and body lacking scales but covered in scattered 
hyaline setae, with stronger setae and quite robust, 
apically bifurcate macrochaetae on the margins. Pigment 
absent. 

Body length : Up to about 8.9 mm (HW 0.94) in 
specimens examined but all are somewhat distended 
(Figure 35) actual length probably around 7-8 mm; 
thorax length 2.6 mm or about one third H+B and width 
1.48 mm; antennae elongate, up to 5.5 mm or up to 0.62 
H+B; caudal filaments broken in all specimens, up to 2.5 
mm or at least 0.44 H+B and also probably elongate. 

Macrochaetae : Parallel-sided with distinct apical 
bifurcations (Figure 36) or gradually tapering with 
simple pointed or apically bifurcate apices. 

Head : Wider than long (Figures 37, 38) with several 
strong macrochaetae along the anterior lateral margins 
above the antennae as well as stronger macrochaetae 
in the posterior lateral corners; middle of head covered 
with scattered smaller setae. Clypeus also with stronger 
setae. Labrum with transverse row of setae. Antennae 
elongate; scape of S with two weak distal apophyses 
(Figure 39) and chaetotaxy as illustrated; pedicel of S 
with large prominent apophysis which resembles the 
horns of a bovine, these appear to be hollow and there 
are fields of glands visible at their base, with a subdistal 
ring of long macrochaetae; first interval of flagellum 
with six trichobothria; the face of each flagellar interval 
is covered with dust where the intersegmental regions 
are not; subsequent intervals with two trichobothria; 
intervals subdivide from the eighth interval into two 
annuli with the trichobothria in the most distal annulus, 
further subdividing into four annuli by the 12 th or 13 th 
intervals. Most distal intervals divided into eight annuli 
with just a single trichobothrium in the most distal 
annulus. Mandibles (Figures 40-41) strong with well- 
developed molar and incisor regions; outer margin with 
several strong macrochaetae and some smaller setulae. 
Maxillae (Figures 42-43) of usual form, galea only 
surpassing length of lacinia by the two distinct apical 
papillae, lacinia well sclerotized with one strong apical 
tooth and a quite strong secondary tooth; pectinate 
prostheca slightly shorter than lacinia with several 
rounded lamellae (partially obscured by dirt on holotype) 
and about nine setae along margin; maxillary palp not 
particularly long with the ultimate article about the same 
length as the penultimate (range 0.89-1.15) and both 
articles about four to five times longer than wide, second 
article with subapical ring of strong setae as well as some 
equally long but thinner setae in the proximal third; 
following article with one or two somewhat stronger seta 
subapically as well as many smaller setae, penultimate 
article without stronger setae; ultimate article with only 
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small setae and four or five apical papillae of usual form. 
Labium (Figure 44) about as long as wide with a slender 
but not very long palp; penultimate article quite elongate 
and armed with long setae in proximal two thirds; 
ultimate article truncate oval, 1.16 times as long as wide 
(range 1.08-1.24) with six papillae of usual type. 

Thorax : Thorax not much wider than abdomen, about 
one third H+B, pronotum (Figure 45) slightly smaller 
than other nota with obvious strong setal collar behind 
anterior margin; laterally with about eight strong 
apically bifurcate macrochaetae spaced along and 
away from the lateral margins plus some stronger as 
well as smaller setae on the margins, the submarginal 
macrochaetae probably becoming smaller towards and 
along the posterior margins (only sockets remain); disc 
covered with numerous simple setae. Meso- (Figure 
46) and metanotum (Figure 47) similar except for the 
absence of a setal collar, the insertions difficult to see 
clearly on the metanotum, appearing to be weaker than 
on pro- and mesonotum. 

Legs very long and thin (Figures 48, 49), tibia L/W 
ratio of legs PI 3.2 (range 3.1-3.4), PII no data, PHI 
4.2 (3.9-4.7); tarsi L/W ratio PI 9.8 (range 7.9-11.1), 
PII 7.5, PHI 12.0 (8.3-14.80). PHI longer than PI (ratio 
of tibia length PI to PHI = 0.64 (range 0.55-0.76) and 
tarsus 0.82 (range 0.71-1.01)). Precoxa of PI with three 
macrochaetae and several smaller setae. Coxa with 
about four macrochaetae along outer margin and two 
long thin macrochaetae near the inner margin as well 
as smaller setae along both margins and on ventral 
face. Trochanter without strong setae. Femur with a 
macrochaeta close to the posterior margin near the 
trochanter and two macrochaetae on the bulge along 
this margin, also with one or two stronger setae on the 
anterior or dorsal margin and smaller setae scattered 
over the face. Tibia quite slender, possibly with one stout 
macrochaeta near the dorsal margin, ventral margin 
with four macrochaetae and two robust setae subdistally, 
apical spur with distinct barb; tarsus of four articles, the 
basal being about the same length as the following three 
together on all legs, armed with small setae, those on the 
ventral face thicker, especially towards the distal end 
of each article; pretarsus (Figure 50) of all legs in both 
sexes with a prominent rounded secondary process on 
each of the lateral claws, medial empodial claw simple. 

Abdomen : Not much narrower than the thorax at its 
base. All urotergites wrap around the body but without 
a sharp fold laterally. The disc of all urotergites covered 
with scattered small setae. A weak suture between 
the tergite and the paratergites is visible on II-IX. 
Urotergites I-IX (Figure 51) with several submarginal, 
apparently simple macrochaetae spaced along the 
posterior margin, the macrochaetae are larger laterally 
than medially judging from the size of the insertions. 
Urotergite X trapezoidal in both sexes (Figures 52, 53) 
with shallow posterior concave emargination, posterior 
corners each with two strong macrochaetae and some 


smaller setae between them as well as some smaller 
setae along the lateral margins. 

Urosternites I-IX entire, not divided into median 
sternite and lateral coxites, posterior border of 
urosternites II-VIII almost straight. Urosternite I 
without styli or exsertile vesicles, with a small seta 
and a few setulae postero-medially. Urosternite II 
with vesicles but without styli, with 1+1 macrochaetae 
insertions mediad to the vesicles; judging from new 
macrochaetae forming under the older cuticle, these 
are short and apically bifurcate. Urosternites III-VI 
with exsertile vesicles, styli and 1+1 macrochaetae 
insertions just mediad of the vesicles plus a few setulae 
along the margins (Figure 54). Urosternite VII with 
pseudovesicles, styli and 1+1 macrochaetae insertions. 
Urosternite VIII with styli and 1+1 macrochaetae 
insertions only (Figure 55). Urosternite IX (Figure 
55) entire, not divided into separate coxites, bearing 
long styli. Parameres divided into two parts; the basal 
part reaching only to the base of the styli and with 
several subapical setae, while the distal part, normally 
considered to be eversible, is almost as long as the basal 
part only bearing small setulae apically. It appears to 
be genuinely long and not everted as the entire surface 
of both parts of the parameres are covered with the 
same dust as on the rest of the segment, whereas the 
urosternite vesicles everted when the animal was put 
in alcohol are free of the dust seen on the adjacent 
cuticle. In the paratype (E89236) the parameres are more 
contracted into the indentation of urosternite IX, the 
proximal part of the parameres does not reach the base 
of stylus IX and the distal part, while still quite large, is 
only about half of that in the holotype, suggesting some 
degree of eversion in the holotype. Penis in holotype 
obscured. 

Styli on segments III-IX, the apical spine of all styli 
barbed (Figure 57), three thicker setae along the ventral 
surface, one about half way along the stylus, another 
about three quarters along and a smaller one just below 
the apex. 

Cerci and appendix dorsalis of holotype had obviously 
been lost beyond the third divisions well prior to the 
collection of the specimen (Figure 58). Quite long, 
new, thinner terminal appendages had grown from the 
ends of the remaining divisions and are covered with 
closely appressed hyaline setae, presumably the incipient 
replacement terminal appendages extending prior to 
the encroaching moult. The basal divisions are covered 
in fine dust and difficult to view but the inner ventral 
surface of the cerci have stout, pointed spines (modified 
setae), with one on the first, two on the second and one 
or two on the third divisions. Basal divisions also with 
setae and trichobothria. No modified setae were seen 
on the single surviving division of the appendix dorsalis 
of the holotype. On the paratype (E89236) six or seven 
divisions of the terminal filaments are preserved; two 
modified spines are present on each of the six basal 
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FIGURES 35-43 Metrinura taurus sp. nov., holotype S unless indicated otherwise by specimen number: 35, habitus; 36, 
macrochaeta and setae on lateral margin of pronotum; 37, head of $ in alcohol (E89237); 38, head, on 
slide; 39, left scapus and pedicel of S', 40, mandible; 41, idem, molar and incisor areas; 42, maxilla; 43, 
lacinia, galea and prostheca. All scale bars 0.1 mm unless otherwise indicated. 
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FIGURES 44-51 


Metrinura taurus sp. nov., holotype S'- 4-4, labium; 45, pronotum; 46, mesonotum; 47, posterior half of 
metanotum; 48, PI; 49, PIN; 50, pretarsus of PIN; 51, urotergiteV. All scale bars 0.1 mm. 
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FIGURES 52-59 Metrinura taurus sp. nov., holotype S unless indicated otherwise by specimen number: 52, urotergite X 
of $ (E89237); 53, urotergite X of S (E89236); 54, urosternite VI; 55, posterior margin of urosternites VIII 
and IX, parameres, penis and base of terminal filaments of paratype (E89236), ventral view; 56, coxite IX, 
parameres and styli; 57, apex of stylus IX; 58, base of terminal filaments showing protruding regrowth of 
terminal filaments prior to moulting; 59, urosternites VI-IX, subgenital plate and ovipositor (E89237). All 
scale bars 0.1 mm. 
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divisions of the cerci with two secondary modified 
spines also present on the sixth division (Figure 55); 
modified spines present on each side of the second to 
sixth division of the median filament. Ventro-laterally 
on each side of the appendix dorsalis modified setae are 
present as thickened spines on the second to the fifth 
divisions. No anemone-like structures were observed. 

Female 

As for male except pedicel short without apophyses; 
urosternite VIII divided in to separate coxites; 
subgenital plate subtriangular (Figure 59); ovipositor 
quite long, of 13-14 divisions, surpassing the apices of 
styli IX by about twice the length of the stylus, with 
short simple setae only, apical division of the anterior 
gonapophyses with small triangular processes. Terminal 
filaments lost, presumably without pegs. 

ETYMOLOGY 

The species is named taurus from the Latin noun for 
bull, referring to the ‘horns’ on the pedicel of the mature 
male. 

HABITAT 

All material examined was collected from boreholes 
in a deposit of enriched and vuggy iron ore, extending 
to a depth of about 25m and hosted by sandstone. Mean 
annual rainfall at nearby Warmun weather station is 726 
mm, with >80% of the rain falling between December 
and March. The mean annual maximum temperature 
is 35.1°C, with mean monthly maximum temperatures 
being approximately 39°C from January to March. 

DISCUSSION 

The genus Metrinura now contains 10 described 
species, with seven from Australia (Northern Territory, 
Queensland and Western Australia), as well as New 
Caledonia and Indonesia (Celebes) and one from 
Colombia. Records from Papua New Guinea, Western 
Samoa, Vanuatu (Paclt, 1983) must be considered 
as unsubstantiated, due to the poor condition of 
the specimens but nevertheless possible (Smith, 
1998). The presence of this genus in both South 
America and Australia implies another late Gondwanan 
distribution, with the Celebes species existing within 
the transitional zone between the Indo-Malaya and 
Australian biogeographic regions. 

Morphological affinities are not clear. Most Australian 
species (M humusa Smith, 1998, M. pedicella Smith, 
1998, M. queenslandica Smith, 1998, M. russendenensis 
(Smith & Shipp, 1977), M. subtropica Smith, 2006 and 
M. tropica Smith, 2006) as well as M. novaecaledoniae 
(Silvestri, 1915) from New Caledonia seem to fall within 
a clade, with all mature males showing an expansion of 
the pedicel (to a greater or lesser degree) with glandular 
region(s), modified chaetotaxy on all terminal filaments 
(stronger stout spines) and a fairly large basal division to 
the parameres and 2+2 usually subequal macrochaetae 
on urotergite X and lacking anemone-like structures 
on the terminal filaments. M. taurus sp. nov. is quite 


distinct in having an extremely characteristic pointed 
apophysis on the pedicel of mature males and a very 
short basal part to the parameres, but has a similar 
chaetotaxy on the terminal filaments and also lacks 
anemone-like structures. M. taurus and M. tropica 
are the only species to have barbs on the outer tarsal 
claws. The Indonesian M. celebensis Mendes, 2002 is 
quite unusual in being the only species having just 1+1 
macrochaetae on urotergite X and with anemone-like 
structures on the cerci; it also has a small, but pointed 
apophysis on the pedicel; M. celebensis and M. tropica 
are the only known species lacking modified chaetotaxy 
on the median filament. Metrinura chibcha Mendes, 
1997 from Colombia appears similar to the Australian 
group in most aspects mentioned except that the 
modified chaetotaxy on the terminal filaments consists 
of very numerous stumpy rounded pegs on pedestals 
rather than stout macrochaetae. 

The female specimens do not give much further 
clarity. Most have shortish ovipositors of 7-9 divisions 
with only M. humusa and M. taurus being different, 
having 13-14 divisions (females of M. pedicella and M. 
tropica are unknown). 

Smith (1998), Mendes (2002) and Smith (2006) 
developed a key to the species of the genus however 
these could now be replaced by the following with 
respect to the mature males: 

KEY TO MATURE MALES OF 
METRINURA MENDES 

1. Modified chaetotaxy on basal divisions of terminal 

filaments consisting of rounded pegs. 

. M. chibcha Mendes, 1997 

Modified chaetotaxy on terminal filaments consisting 
of stout spines . 2 

2. Urotergite X with 1+1 posterior macrochaetae; with 

anemone-like structures as well as stout spines on 
the inner face of the basal divisions of each cercus 
. M. celebensis Mendes, 2002 

Urotergite X with 2+2 posterior macrochaetae 
(sometimes the outer pair much smaller), inner 
face of cerci with stout spines only and always 
without anemone-like structures. 3 

3. Median filament without modified chaetotaxy. 

. M. tropica Smith, 2006 

Median filament with stout spines along basal 

divisions. 4 

4. Pedicel with long curved horn-like apophysis; outer 

claws barbed . M. taurus sp. nov. 

Pedicel without horn-like apophysis, often somewhat 
or very swollen externally but any apophysis quite 
round apically; outer claws always simple. 5 
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5. Modified chaetotaxy of median filament arranged in 

about four transverse rows of up to 3+3 spines on 
the basal divisions . M. subtropica Smith, 2006 

Modified chaetotaxy of median filament as 
longitudinal series of single stout spines on each 
side of the filament . 6 

6. Pedicel about the same length as the scape or longer. 

. 7 

Pedicel much shorter than scape. 9 

7. Pedicel with very large prominent expansion in basal 

half giving the pedicel a bifurcated appearance 
. M. pedicella Smith, 1998 

Pedicel swollen more evenly, without bifurcated 
appearance. 8 

8. Swelling on pedicel more pronounced distally, 

modified spines on cerci quite rounded apically, 
posterior margin of urosternite IX quite deeply 
incised so that only about one third of the 
paramere protrudes beyond the base of stylus IX . 
. M. queenslandica Smith, 1998 

Swelling on pedicel more even so that it is widest in 
the middle, modified spines on cerci not obviously 
rounded, the parameres protruding for two 
thirds their length beyond the base of stylus IX 
. M. novaecaledoniae (Silvestri, 1915) 

9. Antennae more than 1.5 times H+B, legs long and 

thin, tarsus of PHI about 13 times longer than 
wide. M. russendenensis (Smith & Shipp, 1977) 

Antennae less than H+B length, legs stout, tarsus 

PHI about 8-9 times longer than wide. 

. M. humusa Smith, 1998 


ACKNOWLEDGEMENTS 

Specimens of the described species were collected 
during fieldwork undertaken on behalf of Mineralogy 
(Lepidospora (Brinckina) relicta ) and Kimberley 
Metals Group {Metrinura taurus ). We would also like to 
thank the anonymous reviewers as well as Stuart Halse 
of Bennelongia, for their valuable comments on the 
manuscript. 

REFERENCES 

Escherich, K. (1905). Das System der Lepismatiden. Zoologica 
(Stuttgart) 43: 1-164. 

Halse, S.A. and Pearson, G.B. (2014). Troglofauna in the vadose 
zone: comparison of scraping and trapping results and 
sampling adequacy. Subterranean Biology 13: 17-34. 
Joseph, G. (1882). Systematisches Verzeichniss der in den 
Tropfstein-Grotten von Krain einheimischen Arthropoden 
nebst Diagnosen der vom Verfasser entdechten und bisher 
noch nicht beschriebenen Arten. Berliner Entomologische 
Zeitschrift 26(1): 1-50. 


Lubbock, J. (1873). Monograph of the Collembola and 
Thysanura. The Ray Society. London 276pp. 

Mendes, L.L. (1988). Sur deux nouvelles Nicoletiidae 
(Zygentoma) cavernicoles de Grece et de Turquie et 
remarques sur la systematique de la famille. Revue Suisse 
de Zoologie 95(3): 751-772. 

Mendes, L.L. (1994). Evolutionary relationships among the 
Nicoletiidae (Insecta, Zygentoma). Acta Zoologica Fennica 
195: 98-103. 

Mendes, L.L. (1997). Some Zygentoma (Nicoletiidae, 
Ateluridae) from the Neotropics, with description of one 
new Metrinura species. Revue Suisse de Zoologie 104(4): 
795-806. 

Mendes, L.L. (2002). Some new data and descriptions of 
thysanurans (Zygentoma: Nicoletiidae) from Central and 
Eastern Africa. Annales. Musee Royal de VAfrique Centrale. 
Serie in Octavo. Sciences Zoologiques 290: 87-127. 

Molero-Baltanas, R., Gaju-Ricart, M. & Bach de Roca, C. 
(2000). On the taxonomic use of the distribution pattern 
of the antennal asteriform sensilla in Neoasterolepisma 
and Tricholepisma (Insecta, Zygentoma, Lepismatidae). 
Pedobiologia 44: 248-256. 

Paclt, J. (1983). On some Solomon Islands, Papua New Guinea 
and Sarawak Thysanura. Annotationes zoologicae et 
botanicae, Bratislava 151: 1-10. 

Remington, C.L. (1954). The suprageneric classification of the 
order Thysanura (Insecta). Annals of the Entomological 
Society of America 47: 277-286. 

Silvestri, F. (1915). Thysanura della Nuova-Caledonia e delle 
isole Loyalty, pp. 75-81 in Sarasin, F. & Roux, J. (eds) Nova 
Caledonia (A) Forschungen in Neu-Caledonien und auf 
den Loyalty Inseln (Recherches Scientifiques en Nouvelle 
Caledonie et aux lies Loyalty 1913-1926 ). Volume 2. 
Kreideis Verlag, Wiesbaden. 

Smith, G.B. (1998). Review of the Australian Nicoletiinae 
(Zygentoma: Nicoletiidae). Invertebrate Taxonomy 12: 
135-189. 

Smith, G.B. (2006). New species of Metrinura Mendes 
(Zygentoma: Nicoletiidae) from Queensland, Australia. 
Australian Journal of Entomology 45: 163-167. 

Smith, G.B. (2013). A new species of Heterolepisma from 
Barrow Island (Zygentoma: Lepismatidae). Records of the 
Western Australian Museum. Supplement 83: 229-240. 

Smith, G.B. (2015). New silverfish species (Zygentoma: 
Lepismatidae) from Barrow Island. Records of the Western 
Australian Museum. 30: 98-131. 

Smith, G.B. (2016). New Atelurinae (Zygentoma: Nicoletiidae) 
from Northern Australia. General and Applied Entomology 
44: 21-58. 

Smith, G.B., Eberhard, S.M., Perina, G. & Finston, T. (2012). 
New species of short range endemic troglobitic silverfish 
(Zygentoma: Nicoletiidae) from subterranean habitats in 
Western Australia’s semi-arid Pilbara region. Records of the 
Western Australian Museum 27: 101-116. 

Smith, G.B. & McRae, J.M (2014). New species of subterranean 
silverfish (Zygentoma: Nicoletiidae: Atelurinae) from 
Western Australia’s semi-arid Pilbara region. Records of the 
Western Australian Museum. 29: 105-127. 

Smith, G.B. & Shipp, E. (1977). A new species of cave-dwelling 
nicoletiid silverfish (Thysanura: Insecta) from the Texas 
caves, Queensland. Memoirs of the Queensland Museum 
19(1): 121-123. 

Wygodzinsky, P. (1955). Thysanura. pp. 83-190 in B. Hanstrom, 
P. Brink & Rudebeck, G. (eds) South African Animal Life. 
Vol. 2 AlmQvist & Wiksells Boktryckeri AB, Uppsala. 


MANUSCRIPT RECEIVED 4 AUGUST 2016; ACCEPTED 28 SEPTEMBER 2016. 














RECORDS OF THE WESTERN AUSTRALIAN MUSEUM 


31 


056-058 (2016) DOI:10.18195/issn.0312-3162.31 (1 ).2016.056-058 


SHORT COMMUNICATION 

A new Argiloborus from Christmas Island, 
Australia (Coleoptera: Carabidae) 

Pier Mauro Giachino 

Settore Fitosanitario Regionale, Environment Park, Palazzina A2, via Livorno 60, 10144Torino, Italy. 
Email: PierMauro.Giachino@regione.piemonte.it 


KEYWORDS: taxonomy, new species, Christmas Island, Argiloborus 


urn:lsid:zoobank.org:pub:960C3C20-029D-4EA0-83D9-E377B5DC1647 


INTRODUCTION 

My colleague Martin Baehr of Munchen (Germany) 
kindly sent to me two specimens of a Carabidae Anillina 
received for study by the Western Australian Museum 
in Perth. These specimens, coming from Christmas 
Island in the Indian Ocean, belong to a new species of 
Argiloborus Jeannel, 1937, that is the object of this short 
note. 

MATERIAL AND METHODS 

The male specimen was previously included in 
Canada Balsam and used for the drawings. The 
drawings were made by means of a camera lucida 
connected to a Leica Biological Microscope DM2500 
equipped with differential interference contrast. 

The following acronyms have been used: 

WAM: Western Australian Museum, Perth, Western 
Australia 

Family Carabidae Latreille, 1802 
Genus Argiloborus Jeannel, 1937 
Argiloborus nativitatis sp. nov. 

Figures 1, 2 

urn:lsid:zoobank.org:act:C6E08C62-D059-4A4B-82C8- 

40C46C6FFF49 

MATERIAL EXAMINED 
Holotype 

Australia: Christmas Island : <$, 19 th Hole, cave CI-19, 
10°25’30”S 105°42’04”E, 30 April 2006, J. Anderson 
(BES: 13583) (WAM E89194). 

Paratype 

Australia: Christmas Island: 1 collected with 
holotype (WAM E89195). 


DIAGNOSIS 

An Argiloborus belonging to a distinct species 
group, not strictly related to other known species of the 
Oriental region (Giachino 2001; 2003), (probably due to 
a still fragmentary knowledge). A. nativitatis n. sp. is 
characterized by the followings characters: pronotum 
having lateral sides without denticulation in front of 
the basal angles; labial tooth absent; 8 th pore of the 
umbilicate series placed posteriorly to the 9 th ; posterior 
discal seta absent; elytral pubescence very short; two 
dilated protarsomeres, without adhesive phanerae, in 
males; parameres without apical setae. 

DESCRIPTION 

A very small species with total length 0.89-0.90 mm 
(from anterior margin of labrum to apex of elytra). Body 
elongated, relatively slender, depigmented testaceous, 
with legs, antennae, and palpi slightly paler; integuments 
shiny, with a distinct microsculpture, covered with a 
very sparse and short pubescence. 

Head: quite anophthalmous, large, but slightly 
narrower than pronotum. Labium without tooth. 
Antennae robust, moniliform, very short, not reaching 
base of pronotum when stretched backwards. Clypeo- 
frontal groove distinct; anterior margin of epistome 
subrectilinear. 

Pronotum : slightly transverse (max width/max length 
ratio = 1.17 c?$), with maximum width at about base 
of anterior fourth, narrowed basally, where it is clearly 
narrower than anterior margin; sides poorly and not 
regularly arcuate anteriorly, subrectilinear posteriorly, 
distinctly sinuate just before base and not denticulate. 
Fore angles broadly obtuse and slightly rounded, not 
prominent; posterior ones right but not pointed apically. 
Base slightly sinuate. Disc barely convex, with very 
short and sparse pubescence; median groove very 
shallow, scarcely marked. Marginal groove wide and 
flattened, enlarged near base; anterior marginal setae 
inserted inside marginal groove, almost at anterior fifth; 
basal setae placed at posterior angles. 
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Legs : robust, with protarsi pentamerous, two basal 
protarsomeres slightly dilated and without adhesive 
phanerae in male. 

Elytra : subrectangular, elongated (max length/ 
max width ratio = 1.70 with maximum width at 
midlength, not emarginated at pre-apical area. Disc 
moderately convex; integuments shiny, with an evident 
microsculpture and very short, sparse and upright 
pubescence. Humeri well marked, rounded, posthumeral 
margin denticulate, with an evident crenellation, distinct 
up to apical fourth and bearing setae; elytral apices 
separately rounded. Marginal groove wide and evident 
up to 7 th pore of umbilicate series. 

Chaetotaxy : basal umbilicate pore large, foveate. 
Umbilicate series of type B (sensu Jeannel 1963), first 
three pores of humeral group almost equidistant (1 st 
and 2 nd ones very slightly closer to each other), 4 th pore 
decidedly farther and inserted posteriorly to base of 
anterior third of elytron; 5 th placed almost at base of 
posterior third of elytron; 5 th and 6 th about half as distant 
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from each other than distance between 6 th and 7 th ; 8 th 
slightly displaced onto disc and after 9 th ; 7 th , 8 th and 9 th 
not equidistant, with 9 th and 8 th very close to each other. 
Discal setae absent. 

Aedeagus (Figure 2): small, with basal bulb small; 
median lobe, in lateral view, short, stumpy, and showing 
a swollen aspect, with ventral margin irregularly curved; 
apical blade short, subtriangular. Inner sac bearing two 
phanerae: first one dorsal, large and tubular, second 
one placed in ventral-median area, like a flagellum. 
Parameres stocky and relatively short, exceeding in 
length half of median lobe; without apical setae. 

ETYMOLOGY 

The species name refers to Christmas, the Nativity. 

DISTRIBUTION AND ECOLOGY 

A. nativitatis sp. nov. is presently known only from its 
type locality. The biology of this species is unknown. 



FIGURES 1-2 Argiloborus nativitatis sp. nov., holotype S- 1: habitus; 2: aedeagus in lateral view. Scale bars : 0.1 mm. 
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DISCUSSION 

After a first contribution by Humphreys and Eberhard 
(2001), a review of the subterranean fauna of Christmas 
Island, with emphasis on aquatic fauna, was recently 
published by Humphreys (2014). He pointed out that 
Christmas Island is the emergent part of an isolated 
seamount that rises 4.5 km from the ocean floor. 
The island, that reaches an altitude of 361 m asl, is 
a carbonate cover island (sensu Mylroie et al. 2001; 
Jensen et al. 2002) in which the volcanic basalt core 
(from Cretaceous to Early Tertiary) was encased in more 
recent carbonate rocks. Christmas Island was subjected 
to both tectonic uplift and eustatic changes that 
resulted in major sea level changes relative to the island 
(Humphrey 2014). Grimes (2001) stated that deposition 
of the main limestones on Christmas Island ceased 
during the mid-Miocene (10 Ma) when the limestone 
would have been emergent and exposed to karstification. 

Specialized subterranean terrestrial fauna is 
conspicuously less numerous than subterranean aquatic 
fauna (Humphrey 2014). The only subterranean ground 
beetle actually known is Lymnastis brooksi Baehr, 2008, 
recently described from Jane Up Cave. Argiloborus 
nativitatis sp. nov., second blind Carabid beetle known 
for this island, regardless to having been found in a 
cave, appears to be an endogean species, rather than a 
true hypogean beetle (sensu Giachino and Vailati 2010; 
2016). Its morphological features suggest an edaphic 
life style rather than in caves or in bedrock fissures 
(Giachino and Vailati 2010). 
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ABSTRACT - Six new genera and 17 new species of the carabid tribe Bembidiini, subtribe Anillina, 
are described from the Pilbara in north-western Australia and from inland southern Western Australia: 
Macranillus gen. nov.: M. bennetti sp. nov., M. magnus sp. nov., M. maini sp. nov., M. pearsoni sp. 
nov., M. quartermainei sp. nov.; Pilbaranillus gen. nov.: R latibasis sp. nov.; Gracilanillus gen. nov.: 

G. cockingi sp. nov., G. cordatus sp. nov., G. currani sp. nov., G. longulus sp. nov., G. minutus sp. 
nov., G. vixsulcatus sp. nov.; Hesperanillus gen. nov.: H. bicostatus sp. nov., H. laticollis sp. nov., 

H. scanloni sp. nov.; Externalillus gen. nov.; E. mcraeae sp. nov.; Angustanillus gen. nov.: 
A. striatipennis sp. nov. The new species were detected in the course of surveys for the 
subterranean fauna in mining areas and were collected using two techniques: scraping and 
trapping. All species are blind and depigmented, character states which usually are connected with 
subterranean or cavicolous habits. Keys are provided for the genera of the Australian Anillina and for 
the species of Macranillus, Gracilanillus, and Hesperanillus. Some considerations about relationships 
of the new genera and species are presented. 


KEYWORDS: taxonomy, new species, Western Australia, Angustanillus, Externalillus, Gracilanillus, 
Hesperanillus, Macranillus, Pilbaranillus 
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INTRODUCTION 

This is one of three papers describing carabid beetles 
collected by Bennelongia Environmental Consultants 
during surveys of mining areas in the Pilbara (mostly) 
and Yilgarn regions of Western Australia (see Baehr 
2014a,b). All specimens were collected either by 
scraping or trapping. Both techniques are used to 
collect invertebrates from drill holes in the ground in 
iron ore mining areas as described by Halse & Pearson 
(2014). All carabid species in the drill holes consist of 
more or less depigmented specimens with small eyes 
or even without visible eyes. They include species from 
the tribes Physocrotaphini (Baehr 2014a), Zuphiini 
(Baehr 2014b), and Bembidiini, subtribe Anillina. 
In this paper six new genera and 17 new species of 
Anillina are described. The taxonomic part has been 


written by the first author (MB), information about 
sampling methods and the maps have been added by the 
second author (DM). 

The material was transferred to Germany courtesy 
of Kym Abrams, Nadine Guthrie, Brian Hanich, and 
Nikolai Tatarnic (Perth). 

METHODS 

Standard methods were employed in the taxonomic 
investigations. The genitalia were removed and cleaned 
for a short while in hot 10% KOH. Since the specimens 
were very fragile, because they were preserved in 
100% ethanol for future DNA extraction, the habitus is 
figured by drawing rather than by photographing and 
the female genitalia were not extracted in all species. 
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Measurements were taken using a stereo microscope 
with an ocular micrometer. Length was measured from 
apex of labrum to apex of elytra. Length of pronotum 
was measured in a straight line from the apex of the 
anterior angles to the most produced part of the base. 
Length of the elytra was measured from the most 
advanced part of the humerus to the very apex. 

The types of the new species are stored in the 
Western Australian Museum, Perth (WAM), some 
paratypes are in the working collection of the author at 
Zoologische Staatssammlung Miinchen (CBM). 

COLLECTING METHODS 

Halse & Pearson (2014) provide extensive 
descriptions of two methods of sampling subterranean, 
but not cavicolous, animals deep below the ground 
surface: scraping and trapping. These methods were 
employed during surveys carried out in iron ore mining 
areas in arid parts of Western Australia. Scraping 
involved lowering a weighted net to the bottom of the 
drill hole and then pulling it back to the surface with 
the net scraping the walls of the hole. Some of the 
invertebrates on the walls were scraped into the net 
and brought to the surface. Trapping involved lowering 
one or two PVC tubes into the bore and leaving them 
in place for eight weeks after which they were brought 
back to the surface. The PVC tubes were baited with 
leaf litter and had occasional perforations to allow 
troglofauna into the tube to colonise the litter. The 
carabid species collected in traps and described in the 
present paper were caught at depths of 8 to at least 
58 m below surface level. Most Anillina species were 
collected by trapping. 

SYTEMATICS 
Family Carabidae 
Tribe Bembidiini 
Subtribe Anillina 

TYPE GENUS 

Anillus Jacqelin Du Val, 1851 

REMARKS 

Anillina is a fairly large and diverse subtribe of 
Bembidiini, covering very small, microphthalmous 
or, more commonly, blind endogeous or cavicolous 
species that are characterised by depigmented surface, 
commonly absence of most or all elytral striae, sparse 
pilosity of the surface and short antenna (Jeannel 1937, 
1963, Lorenz 2005, Giachino 2005). The systematic 
status of Anillina is somewhat uncertain and some 
authors render them a separate tribe, for example 
within the subfamily Trechinae (Moravec, Ueno & 
Belousov 2003). 


Anillina occur worldwide but, perhaps because of 
their small size and secretive habits, they are still most 
numerous and best known in southern Europe. For 
Australia, Giachino (2005) remarkably increased the 
number of species from 2 (see Moore et al. 1987) to 35 
in his revision of the material available in the various 
Australian and fewer extra-Australian collections. 
This paper impressively demonstrated that appropriate 
collecting methods may considerably raise the 
knowledge about these tiny beetles. 

To date, there are still 35 species recorded from 
Australia in four genera ( Illaphanus Macleay, 
1865; Pseudillaphanus Giachino, 2005; Tasmanillus 
Giachino, 2005; and Austranillus Giachino, 2005), of 
which Illaphanus is by far the largest genus in terms 
of species. Until now Anillina have been recorded only 
from the eastern and south-eastern parts of Australia, 
including Tasmania, and no species have been found 
in Western Australia. All recorded species have been 
collected from litter in rain and sclerophyll forest. 
Therefore, the species described in the present paper 
not only enlarge the range of the group to Western 
Australia, but they also demonstrate the occurrence of 
the group deep in the ground in semiarid habitats and, 
thus, significantly extend our knowledge about their 
ecology. 

Apart from their occurrence in forest litter, nothing 
is known about the ecology and ethology of Australian 
Anillina. The success of subterranean sampling in 
collecting the group in Western Australia suggests 
similar sampling methods elsewhere may collect more 
Anillina and further extend our knowledge of the 
group. 

Characteristics of the already recorded Australian 
species are: very small size, depressed body shape, 
depigmented, pilose surface; absence of eyes; unistriate 
or estriate elytra; common presence of an elongate 
sulcus running down at the middle of the elytra; 
absence of metathoracic wings; short legs; not 
denticulate tarsi; the aedeagus usually bearing a more 
or less sclerotised sclerite in the internal sac; triagonal 
parameres, usually with 2 apical setae. Female 
genitalia have not yet been recorded from Australian 
species. 

Three of the genera described as new in the present 
paper deviate in having decidedly larger body size 
of all species; one of these possesses several distinct 
elytral striae; another new genus is characterised by 
very narrow and elongate, parallel elytra; and three 
new genera completely lack the elytral sulcus. 

A key to all Australian genera of Anillina is 
presented here to facilitate identifications. It replaces 
the key in Giachino (2005) and includes the new 
Western Australian genera. 
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KEY TO THE AUSTRALIAN GENERA OF 
ANILLINA 

1. Elytra with four distinct striae; both, pronotum 

and elytra, very elongate, ratio width/length 
of pronotum 0.86, ratio length/width of elytra 
>2.20 (Figure 17); surface of pronotum and 
elytra with distinct, deep and large punctures; 

north-western Western Australia: Pilbara. 

. Angustanillus gen. nov. 

Elytra with at most a faint parasutural stria; 
pronotum and elytra less elongate, ratio width/ 
length of pronotum >0.97, ratio length/width of 
elytra <2.15; surface of pronotum without or with 
less deep and large punctures. 2 

2. Elytra with a distinct longitudinal sulcus extending 

between the scutellary puncture and the 9th 
puncture of the marginal series (Figures 1, 7) 
(in one species from Western Australia only 


visible in basal third) . 3 

Elytra without longitudinal sulcus. 5 


3. Body size large, always >2 mm; base of elytra 

wide, humerus almost rectangular; elytra 
with three discal punctures (Figures 1-5); 

north-western Western Australia: Pilbara. 

. Macranillus gen. nov. 

Body size smaller, <1.75 mm (usually much less); 
base of elytra and humerus variously shaped; 
elytra with at most two discal punctures.4 

4. Elytra more or less oval-shaped, decidedly narrowed 

to base, humerus oblique or rounded; prothorax 

markedly cordiform; eastern Australia. 

. Illaphanus Macleay, 1865 

Elytra parallel-sided or almost so, little or not 
narrowed to base, humerus almost rectangular; 
prothorax usually rather quadrate (Figures 
7-12); north-western Western Australia: Pilbara 
. Gracilanillus gen nov. 

5. Body size large, >2.4 mm and pronotum almost 

as long as wide and base much wider than apex 
and humerus oblique-convex (Figure 6); apex 
of aedeagus slightly bent down (Figure 22); 

north-western Western Australia: Pilbara. 

. Pilbaranillus gen. nov. 

Body size smaller, <1.8 mm; either pronotum rather 
quadrate with base about as wide as apex, and 
with elongate elytra with almost rectangular 
humerus; or pronotum cordiform with much 
narrower base than apex, and with more or less 
oval-shaped elytra with oblique or rounded 
humerus; apex of aedeagus not bent down 
(Figures 23-24) . 6 


6. Pronotum not cordiform, base as wide as apex; 

elytra elongate with almost rectangular humerus; 

south-eastern New South Wales. 

. Austranillus Giachino, 2005 

Pronotum decidedly cordiform, base considerably 
narrower than apex; elytra more or less oval¬ 
shaped or with oblique-convex humerus 
(Figures 13-16). 7 

7. Elytra with an additional marginal puncture, situated 

slightly inside of 2nd marginal puncture and 
elytra distinctly oval-shaped and with oblique- 

convex humerus; Tasmania. 

. Tasmanillus Giachino, 2005 

Elytra without an additional marginal puncture; 
elytra oval shaped or not; not in Tasmania . 8 

8. Body size smaller, length <1.26 mm; pronotum 

very wide, ratio width/length >1.35; elytra 
shorter, ratio length/width <1.55; eastern New 

South Wales, south-eastern Queensland. 

. Pseudillaphanus Giachino, 2005 

Body size larger, length >1.35 mm; pronotum 
usually narrower; when ratio width/length 
>1.30, body size larger, length c. 1.50 mm, and 
elytra longer, ratio length/width 1.75; elytra 
longer, ratio length/width >1.65 (Figures 13-16); 
north-western and interior southern Western 
Australia . 9 

9. Body size larger, length >1.50 mm; eye area 

markedly prominent, head almost as wide as 
pronotum; pronotum wider, ratio width/length 
>1.18 (Figures 13-15); north-western Western 
Australia: Pilbara. Hesperanillus gen. nov. 

Body size smaller, length 1.35 mm; eye area 
not prominent, head decidedly narrower than 
pronotum; pronotum narrower, ratio width/ 
length 1.05 (Figure 16); interior southern Western 
Australia . Externanillus gen. nov. 


Genus Macranillus gen. nov. 

urn:lsid:zoobank.org:act:1FF99B26-903E-4123-9F0C- 

AFCB7BDBE756 

TYPE SPECIES 

Macranillus bennetti sp. nov., by present designation. 

DIAGNOSIS 

Body size large (in group). Colour depigmented, 
yellow to rusty red. Surface with distinct, on pronotum 
and particularly on elytra, commonly coarse and rough, 
isodiametric to slightly transverse microreticulation, 
rather sparsely pubescent. 
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Head large, slightly narrower than pronotum. 
Eye absent, head laterally convex. Mandibles 
short. Maxillary palpus short, preapical palpomere 
globose, densely pilose, apical palpomere tiny, barely 
recognisable. Labial palpus small, labium transverse. 
Mentum not fused to submentum, mental tooth absent. 
Two supraorbital seta and one clypeal seta present, 
usually also one seta on frons and another inside the 
posterior supraorbital seta present. Antenna short, more 
or less globose. 

Pronotum rather quadrate, rarely slightly concave 
near basal angle. Apical angle not or slightly produced, 
basal angle angulate. Lateral margin faintly denticulate 
just in front of the basal angle. Margin bisetose. 

Elytra elongate and parallel-sided, wide at base. 
Humerus obtusely rectangular, base more or less 
transversal. Lateral margin almost straight, apex 
rounded, not emarginated, nor transverse. Surface 
depressed, striae absent, but with an elongate, 
shallow, wide sulcus running slightly oblique from 
near scutellary puncture to position of 9th marginal 
puncture. Lateral margin coarsely denticulate, at 
least in basal half, and pilose; scutellary puncture 
present but usually difficult to detect within the 
coarse microsculpture; 3 discal punctures present but 
barely discernible. Microreticulation usually coarse, 
isodiametric to slightly transverse. Surface rather 
sparsely pilose. 

Metathoracic wings absent. 

Legs short, profemur not dentate. 1st and 2nd 
tarsomeres of male protarsus little dilated, sparsely 
pilose. 

Lower surface microreticulate and sparsely pilose. 

Aedeagus rather similar in all species: fairly elongate, 
markedly curved, with short, rather obtuse apex. 
Internal sac with two or three, rarely only one, narrow, 
more or less strongly sclerotised pieces. Parameres 
differently shaped, right paramere very slender, both 
with two elongate apical setae. 

Gonocoxite 2 elongate, curved, acute, usually with 
one dorso-median and one ventro-lateral ensiform seta, 
and with an elongate subapical nematiform seta. 

DISTRIBUTION 

So far five species have been recorded from the 
Pilbara, north-western Australia. All have been collected 
from drill holes in mining areas at depths between 8 
and 29 m. Nothing is known about habits, diet, and 
reproduction. 

RELATIONSHIPS 

Together with Pilbaranillus and Angustanillus this 
genus is outstanding within Australian Anillina due to 
its large body size. It may be related to Pilbaranillus, but 


probably even more to Gracilanillus, mainly by virtue of 
presence of the elytral sulcus and fairly similar shape of 
pronotum and elytra. 

ETYMOLOGY 

The name refers to the large body size of all species. 

Macranillus ben nett i sp. nov. 

Figures 1, 18 

urn:lsid:zoobank.org:act:19472306-9B51-47A7-8C8C- 

9B16DD369838 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: S, c. 60 km WNW. 
Wittenoom 22 o 07’44.10"S 117°45’51.00"E (WGS 84) 
03 Mar. 2012-02 May 2012 J.S. Cocking, S.R. Bennett 
(SM0653) Trog trap, 9 m / BINSECT0019 (WAM 
E84014). 

Paratypes 

Australia: Western Australia: 3 <$, 2 same data 
(WAM Reg. No. 84015-19) (2 <J, 1 $ WAM, 1 S, 
CBM); 1 S, 1 ?, Solomon, c. 62 km WNW. Wittenoom 
22°07T3.50"S 117°44'54.60"E (WGS 84) 13 Sep. 2012 
J.S. Cocking, S.R. Bennett (SM1573) Trog scrape, 8m/ 
BINSECT0020 (WAM E84020-21, 1 $ CBM). 

DIAGNOSIS 

Large, elongate, depressed, parallel-sided, rufous 
species with quadrate pronotum and elongate, parallel¬ 
sided elytra; distinguished from other species by shape 
of pronotum, very coarse microreticulation of pronotum 
and elytra, and in apical part markedly widened 
aedeagus. 

DESCRIPTION 

Measurements : Length: 2.15-2.4 mm; width: 0.72- 
0.84 mm. Ratio width/length of pronotum: 1.16-1.18; 
width of base/width of apex of pronotum: 1.19-1.21; 
ratio length/width of elytra: 1.73-1.77; ratio length/width 
of 10th antennomere: 1.2. 

Colour. Upper and lower surfaces more or less pale 
red, palpi, antenna, and legs dark yellow. 

Head (Figure 1): Distinctly narrower than pronotum, 
short and wide, laterally convex. Upper surface 
gently convex. Frons with an inconspicuous, oblique 
and curved sulcus on either side just behind the 
clypeal suture. Neck wide. Clypeus bisetose, setae 
elongate. Labrum straight at apex, 6-setose. Subapical 
palpomere of maxillary palpus relatively narrow, apical 
palpomere tiny, barely visible. Antenna short, median 
antennomeres globose, c. 1.2 x as long as wide. Frons 
with an elongate seta at either side, another elongate seta 
inside of posterior supraorbital seta. Surface sparsely 
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pilose, pilosity short and inclined slightly anteriad, only 
laterally pilosity slightly denser. Microreticulation rather 
fine, isodiametric. 

Prothorax (Figure 1): Quadrate, comparatively wide, 
wider than long, widest at about apical third. Apical 
margin straight, apical angle very slightly produced; 
lateral margin apart from apical fourth very gently 
convex, immediately in front of the sharply angulate 
basal angle with a tiny, obtuse protuberance. Base wide, 
very faintly concave. Apex and base not margined, 
lateral margin narrow, not widened basad. Disk 
depressed. Median line fine, slightly impressed, ending 
far from apex and base. No transverse sulci visible. 
Basal grooves very shallow, rounded. Anterior marginal 
seta situated about at apical fourth, posterior seta located 
at basal angle. Surface with very sparse, short, slightly 
declined pilosity. Microreticulation coarse and distinct, 
isodiametric. 

Elytra (Figure 1): Elongate, parallel, disk rather 
depressed. Humerus obtusely angulate, base slightly 
oblique. Lateral margin straight, pilose, at least in 
anterior half coarsely denticulate. Apex convex. No 
striae perceptible. Discal sulcus shallow and wide. 
Microreticulation coarse, isodiametric to slightly 
transverse, therefore marginal and discal punctures 
diffcult to distinguish when setae are broken. Disk with 
three discal punctures and setae, at basal third, apical 
third, and close to apex. Marginal setae very elongate. 
Metathoracic wings absent. 

Lower surface : Coarsely microreticulate and sparsely 
pilose. Metepisternum rather elongate, c. 1.5 x as long 
as wide at apex. Terminal sternum in male bisetose, in 
female quadrisetose. 

Legs : Short, densely pilose. In male two basal 
tarsomeres protarsus barely widened and sparsely pilose 
underneath. 

Male genitalia (Figure 18): Aedeagus fairly elongate, 
moderately wide, but in apical part distinctly widened at 
the right side; lower surface moderately concave. Apex 
acute, triangular. Internal sac with three narrow, slightly 
sclerotised pieces. Left paramere large, triangular, right 
paramere very slender, both bisetose, but the upper seta 
on the left paramere longer than the lower one. 

Female gonocoxites'. Much as in M. magnus sp. nov. 

Variation: Very little variation noted. The two 
specimens collected by scraping are slightly smaller, but 
the aedeagus of the single male is very similar to that of 
the specimens collected by trapping. 

COLLECTING CIRCUMSTANCES 

Collected up to 9 m below ground surface. 

DISTRIBUTION 

Near Wittenoom, Pilbara, north-western Western 
Australia, known only from a very restricted area. 


RELATIONSHIPS 

With respect to body size and shape most similar to 
M. pearsoni sp. nov. and M. maini sp. nov., but well 
distinguished from the first by shape of aedeagus, and 
from the second by decidedly shorter elytra and wider 
base of pronotum. 

ETYMOLOGY 

The name is a patronym in honour of Sean Bennett, 
one of the collectors. 

Macranillus pearsoni sp. nov. 

Figures 2, 19 

urn:lsid:zoobank.org:act:A9D589BD-BA08-46C8-B692- 

AAC0BEAAFE28 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: S, Flinders Mine, 73 
km NNW. Tom Price 22°08T4.60"S U7°25’28.60"E 
(WGS 84) 07 Feb. 2012 J.S. Cocking, G.B. Pearson 
(HPRC0930) Trog scrape, 17 m / BINSECT0021 (WAM 
E84022). 

Paratype 

Australia: Western Australia: same data (WAM 

E84023). 

DIAGNOSIS 

Large, elongate, depressed, parallel-sided, pale red 
species with moderately elongate, somewhat quadrate 
pronotum and comparatively short, parallel-sided 
elytra; distinguished from other species by relatively 
narrow base of pronotum, less strongly serrate elytral 
margin, coarse microreticulation of the dorsal surface, 
particularly of the elytra, and not widened apex of 
aedeagus. 

DESCRIPTION 

Measurements : Length: 2.25-2.3 mm; width: 0.75- 
0.78 mm. Ratio width/length of pronotum: 1.15-1.17; 
width of base/width of apex of pronotum: 1.10-1.14; ratio 
length/width of elytra: 1.65-1.70; ratio length/width of 
10th antennomere: 1.2. 

Colour. Upper and lower surfaces more or less pale 
red, palpi, antenna, and legs slightly paler. 

Head (Figure 2): Distinctly narrower than pronotum, 
short and wide, laterally convex. Upper surface gently 
convex. Frons with an inconspicuous, oblique and 
slightly curved sulcus on either side just behind the 
clypeal suture. Neck wide. Clypeus bisetose, setae 
elongate. Labrum straight at apex, 6-setose. Subapical 
palpomere of maxillary palpus relatively narrow, apical 
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palpomere tiny, barely perceptible. Antenna short, 
median antennomeres globose, c. 1.2 x as long as wide. 
Frons with an elongate seta at either side, another 
elongate seta inside of posterior supraorbital seta. 
Surface very sparsely pilose, pilosity short and inclined 
slightly anteriad, only laterally pilosity slightly denser. 
Microreticulation moderately coarse, about isodiametric. 

Prothorax (Figure 2): Somewhat quadrate, 
comparatively elongate, considerably wider than long, 
widest at apical third. Apical margin straight, apical 
angle very slightly produced; lateral margin apart from 
apical fourth very gently convex, immediately in front of 
the rectangular or even slightly denticulate basal angle 
with a short, obtuse protuberance. Base comparatively 
narrow but yet wider than apex, straight. Apex and base 
not margined, lateral margin narrow, not widened basad. 
Disk depressed. Median line fine, slightly impressed, 
ending far from apex and base. No transverse sulci 
visible. Basal grooves shallow, linear. Anterior marginal 
seta situated slightly in front of apical fourth, posterior 
seta situated just in front of basal angle, setae elongate. 
Surface with very sparse, short, slightly declined 
pilosity. Microreticulation coarse and distinct, about 
isodiametric. 

Elytra (Figure 2): Rather elongate, almost parallel¬ 
sided, disk rather depressed, wide at humerus. Humerus 
obtusely angulate, base slightly oblique. Lateral margin 
straight, pilose, at least in anterior half fairly coarsely 
denticulate. Apex convex. No striae perceptible. Discal 
sulcus shallow but wide. Microreticulation coarse, 
isodiametric to slightly transverse, surface sparsely 
pilose. Three discal punctures and setae perceptible, 
at basal third, apical third, and close to apex. Marginal 
setae very elongate. Metathoracic wings absent. 

Lower surface : Coarsely microreticulate and very 
sparsely pilose. Metepisternum rather elongate, c. 1.5 
x as long as wide at apex. Terminal sternum in male 
bisetose, in female quadrisetose. 

Legs : Short, densely pilose. In male two basal 
tarsomeres protarsus barely widened and sparsely pilose 
underneath. 

Male genitalia (Figure 19): Aedeagus fairly elongate, 
rather slender; lower surface in basal part extremely 
concave. Apex acute, triangular. Internal sac with two 
narrow, moderately sclerotised pieces. Left paramere 
large, triangular, right paramere slender, both bisetose, 
but the upper seta on the left paramere much longer than 
the lower one. 

Female gonocoxites'. Much as in M. magnus sp. nov. 

Variation: Slight variation noted in length of the elytra 
and relative width of the base of the pronotum. 

COLLECTING CIRCUMSTANCES 

Collected at an unknown depth (<17 m) below surface. 


DISTRIBUTION 

Near Tom Price, central Pilbara, north-western 
Western Australia, known only from type locality. 

RELATIONSHIPS 

This is a well characterised species based on the 
rather short elytra and the shape of the pronotum and 
aedeagus. 

ETYMOLOGY 

The name is a patronym in honour of Grant Pearson, 
one of the collectors. 

Macranillus maini sp. nov. 

Figure 3 

urn:lsid:zoobank.org:act:990038BE-92D8-4330-BAD0- 

8E7D9FC023A1 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: Flinders Mine, 

67 km NNW. Tom Price 22°10’31.70"S 117°28T0.00"E 
(WGS 84) 27 Jul. 2011-26 Sep. 2011 J.S. Cocking, D.C. 
Main (HPRC0105) Trog trap, 21 m / BINSECT0022 
(WAM E84024). 

Paratype 

Australia: Western Australia: same data (WAM 

E84025). 

DIAGNOSIS 

Large, elongate, depressed, parallel-sided, rufous 
species with rather wide, quadrate pronotum and 
elongate, parallel elytra; distinguished from other 
species, particularly the most similar M. pearsoni sp. 
nov. by decidedly longer elytra and wider pronotum. 

DESCRIPTION 

Measurements : Length: 2.2-2.4 mm; width: 0.75-0.8 
mm. Ratio width/length of pronotum: 1.18-1.22; width 
of base/width of apex of pronotum: 1.12-1.14; ratio 
length/width of elytra: 1.80-1.81; ratio length/width of 
10th antennomere: 1.2. 

Colour. Upper and lower surfaces pale red, palpi, 
antenna, and legs slightly paler. 

Head (Figure 3): Perceptibly narrower than 
pronotum, short and wide, laterally convex. Upper 
surface gently convex. Frons with an inconspicuous, 
oblique and curved sulcus on either side just behind 
the clypeal suture. Neck wide. Clypeus bisetose, setae 
elongate. Labrum straight at apex, 6-setose. Subapical 
palpomere of maxillary palpus relatively narrow, 
apical palpomere tiny, barely perceptible. Antenna 
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short, median antennomeres globose, c. 1.2 x as long 
as wide. Frons with an elongate seta at either side, 
another elongate seta inside of posterior supraorbital 
seta. Surface sparsely pilose, pilosity short and inclined 
slightly anteriad, only laterally pilosity slightly 
denser. Microreticulation moderately coarse, about 
isodiametric. 

Prothorax (Figure 3): Quadrate, comparatively 
wide, considerably wider than long, widest behind 
apical third. Apical margin straight, apical angle 
slightly but distinctly produced; lateral margin apart 
from apical fourth very gently convex, immediately 
in front of the rectangular basal angle with a 
tiny, obtuse protuberance. Base moderately wide, 
straight. Apex and base not margined, lateral 
margin narrow, not widened basad. Disk depressed. 
Median line fine, slightly impressed, ending far 
from apex and base. Anterior transverse sulcus not 
visible, posterior transverse sulcus faint, barely 
impressed. Basal grooves shallow, slightly circular. 
Anterior marginal seta situated slightly behind apical 
fourth, posterior seta located at basal angle, setae 
elongate. Surface with sparse, short, slightly declined 
pilosity. Microreticulation coarse and distinct, about 
isodiametric. 

Elytra (Figure 3): Comparatively elongate, parallel¬ 
sided, disk rather depressed. Humerus obtusely 
angulate, base slightly oblique. Lateral margin 
straight, pilose, in anterior half coarsely, in posterior 
half only indistinctly denticulate. Apex convex. No 
striae perceptible. Discal sulcus shallow but wide. 
Microreticulation coarse, isodiametric to slightly 
transverse, surface sparsely pilose. Three discal 
punctures and setae barely perceptible within the 
coarse microsculpture, at basal third, apical third, 
and close to apex. Marginal setae very elongate. 
Metathoracic wings absent. 

Lower surface : Coarsely microreticulate and 
sparsely pilose. Metepisternum rather elongate, c. 1.5 
x as long as wide at apex. Terminal sternum in female 
quadrisetose. 

Legs'. Short, densely pilose. Male protarsus unknown. 

Male genitalia. Unknown. 

Female gonocoxites'. Much as inM magnus sp. nov. 

Variation: Apart from body size very little variation 
noted. 

COLLECTING CIRCUMSTANCES 

Collected in a troglofauna trap set 21 m below ground 
surface. 

DISTRIBUTION 

Near Tom Price, central Pilbara, north-western 
Western Australia, known only from type locality. 


RELATIONSHIPS 

With respect to body shape most similar to M. bennetti 
sp. nov. and M. pearsoni sp. nov. Males are required for 
comparison of the aedeagi. 

ETYMOLOGY 

The name is a patronym in honour of Dean Main, one 
of the collectors. 

Macranillus magnus sp. nov. 

Figures 4, 20, 25 

urn:lsid:zoobank.org:act:3CB4C617-0539-4120-8AA2- 

3B871323FC6C 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: <$, Solomon, c. 35 km 
W Wittenoom 22°ll'51.rS 117°58T2.4"E (WGS 84) 
04 Sep. 2011 S.R. Bennett, J.S. Cocking (SM0267.02) 
Scrape, 17 m (WAM E84108). 

Paratype 

Australia: Western Australia: $, Solomon, c. 35 km 
W Wittenoom 22°H’44.5"S 117°57'58.5"E (WGS 84) 
04 Sep. 2011 S.R. Bennett, J.S. Cocking (SM0250.01) 
Scrape, 29 m (WAM E84107). 

DIAGNOSIS 

Very large, elongate, depressed, parallel-sided, rufous 
species with comparatively elongate, quadrate pronotum 
and elongate, parallel sided elytra; distinguished from 
other species by larger body size, relatively dark colour, 
shape of pronotum, very coarse microreticulation of the 
dorsal surface, particularly on the elytra, and narrow 
aedeagus with very concave lower surface. 

DESCRIPTION 

Measurements'. Length: 2.8-2.85 mm; width: 0.87- 
0.92 mm. Ratio width/length of pronotum: 1.08-1.09; 
width of base/width of apex of pronotum: 1.19-1.21; 
ratio length/width of elytra: 1.77-1.78; ratio length/ 
width of 10th antennomere: 1.3. 

Colour. Upper and lower surfaces rusty red, palpi, 
antenna, and legs slightly paler. 

Head (Figure 4): Perceptibly narrower than 
pronotum, short and wide, laterally convex. Upper 
surface gently convex. Frons with an inconspicuous, 
oblique and curved sulcus on either side just behind 
the clypeal suture. Neck wide. Clypeus bisetose, setae 
elongate. Labrum straight at apex, 6-setose. Subapical 
palpomere of maxillary palpus relatively narrow, apical 
palpomere tiny, barely perceptible. Antenna short, 
median antennomeres globose, c. 1.3 x as long as wide. 
Frons with an elongate seta at either side, another 
elongate seta inside of posterior supraorbital seta. 
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Surface very sparsely pilose, pilosity short and inclined 
slightly anteriad, only laterally pilosity slightly denser. 
Microreticulation coarse, about isodiametric. 

Prothorax (Figure 4): Quadrate, comparatively 
elongate, but slightly wider than long, widest at 
apical fourth or third. Apical margin straight, apical 
angle very slightly produced; lateral margin apart 
from apical fourth very gently convex, immediately 
in front of the rectangular, slightly denticulate basal 
angle with a short, obtuse protuberance. Base wide, 
almost straight, even very faintly concave. Apex 
and base not margined, lateral margin narrow, not 
widened basad. Disk depressed. Median line fine, 
slightly impressed, ending far from apex and base. No 
transverse sulci visible. Basal grooves shallow, about 
linear. Anterior marginal seta situated slightly in front 
of apical fourth, seta elongate; posterior seta not visible. 
Surface with very sparse, short, slightly declined 
pilosity. Microreticulation coarse and distinct, about 
isodiametric. 

Elytra (Figure 4): Elongate, parallel, disk rather 
depressed, wide at humerus. Humerus obtusely 
angulate, base slightly oblique. Lateral margin straight, 
pilose, at least in anterior half coarsely denticulate. 
Apex convex. No striae perceptible. Discal sulcus 
shallow but wide. Microreticulation very coarse, 
isodiametric to slightly transverse, therefore marginal 
and discal punctures barely perceptible when setae 
are broken; surface sparsely pilose. Disk with three 
discal punctures and setae, at basal third, apical third, 
and close to apex. Marginal setae very elongate. 
Metathoracic wings absent. 

Lower surface : Coarsely microreticulate and very 
sparsely pilose. Metepisternum rather elongate, c. 1.5 
x as long as wide at apex. Terminal sternum in male 
bisetose, in female quadrisetose. 

Legs : Short, densely pilose. In male two basal 
tarsomeres of protarsus barely widened and sparsely 
pilose underneath. 

Male genitalia (Figure 20): Aedeagus fairly elongate, 
rather slender; lower surface in basal part very concave. 
Apex acute, triangular. Internal sac with three narrow, 
more or less sclerotised pieces. Left paramere large, 
triangular, right paramere slender, both bisetose, but the 
upper seta on the left paramere much longer than the 
lower one. 

Female gonocoxites (Figure 25): Gonocoxite 1 
compact, without setae at the apical margin. Gonocoxite 
2 elongate, curved, with acute apex, with one dorso- 
median ensiform seta in apical fourth, one fairly 
elongate ventro-lateral ensiform seta about at middle, 
and an elongate nematiform seta near apex that 
originates in a pit. 

Variation: Very little variation noted. 

COLLECTING CIRCUMSTANCES 

Collected by scraping at unknown depths up to 17 m 
and 29 m below surface. 


DISTRIBUTION 

Near Wittenoom, northern Pilbara, north-western 
Western Australia, known only from two localities very 
close to each other. 

RELATIONSHIPS 

The large body size and the rather elongate pronotum 
make M. magnus sp. nov. an easily distinguished 
species. 

ETYMOLOGY 

The name refers to the exceptionally large body size of 
this species. 


Macranillus quartermainei sp. nov. 

Figures 5, 21 

urn:lsid:zoobank.org:act:0C0791DA-EFAA-4B3C-8470- 

D157AE50299D 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: S, Western Hub, c. 91 
km SSE. Pannawonica 22°19'29.40"S 116°49'02.90"E 
(WGS 84) 01 May 2013-04 Jul. 2013 J.W. Quartermaine, 
S.R. Bennett (DL0414) Trog trap, 20 m / BINSECT0029 
(WAM E84032) 

Paratypes 

Australia: Western Australia: 4 same data (WAM 
E84033-36) (3 WAM, 1 CBM). 

DIAGNOSIS 

Large, elongate, depressed, parallel-sided, rufous 
species with slightly cordiform pronotum and elongate, 
parallel-sided elytra; distinguished from other species 
by slightly concave lateral margin and narrower base of 
pronotum, very coarse microreticulation of the dorsal 
surface, particularly on the elytra, and compact but 
narrow aedeagus. 

DESCRIPTION 

Measurements : Length: 2.0-2.45 mm; width: 0.69- 
0.82 mm. Ratio width/length of pronotum: 1.17-1.21; 
width of base/width of apex of pronotum: 1.05-1.07; 
ratio length/width of elytra: 1.75-1.78; ratio length/width 
of 10th antennomere: 1.2. 

Colour. Upper and lower surfaces more or less rusty 
red, palpi, antenna, and legs slightly paler. 

Head (Figure 5): Distinctly narrower than pronotum, 
short and wide, laterally convex. Upper surface 
gently convex. Frons with an inconspicuous, oblique 
and curved sulcus on either side just behind the 
clypeal suture. Neck wide. Clypeus bisetose, setae 
elongate. Labrum straight at apex, 6-setose. Subapical 
palpomere of maxillary palpus relatively narrow, 
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apical palpomere tiny, barely perceptible. Antenna 
short, median antennomeres globose, c. 1.2 x as long 
as wide. Frons with an elongate seta at either side, 
but without seta inside of posterior supraorbital seta. 
Surface very sparsely pilose, pilosity short and slightly 
inclined anteriad, only laterally pilosity slightly denser. 
Microreticulation coarse, about isodiametric. 

Prothorax (Figure 5): Moderately wide, distinctly 
wider than long, widest at apical fourth. Apical margin 
straight, apical angle not produced; lateral margin apart 
from apical fourth oblique, straight to slightly concave, 
in front of the rectangular basal angle finely serrulate. 
Base comparatively narrow, little wider than apex, 
almost straight, laterally even very faintly concave. 
Apex and base not margined, lateral margin narrow, 
not widened basad. Disk depressed. Median line fine, 
slightly impressed, ending far from apex and base. 
Anterior transverse sulcus not visible, posterior sulcus 
distinct, slightly impressed, curved. Basal grooves 
shallow. Anterior marginal seta situated slightly in front 
of apical fourth, posterior seta situated just in front of 
basal angle, setae elongate. Surface with sparse, short, 
slightly declined pilosity. Microreticulation coarse and 
distinct, slightly transverse. 

Elytra (Figure 5): Elongate, parallel-sided, disk 
rather depressed, wide at humerus. Humerus shortly 
rounded, base transverse. Lateral margin straight, 
pilose, at least in anterior half coarsely denticulate. 
Apex convex. No striae perceptible. Discal sulcus 
shallow but wide. Microreticulation very coarse, slightly 
transverse, therefore marginal and discal punctures 
barely perceptible when setae are broken; surface 
sparsely pilose. Three discal punctures and setae 
present, at basal third, apical third, and close to apex, 
but all setae broken. Marginal setae very elongate. 
Metathoracic wings absent. 

Lower surface : Coarsely microreticulate and very 
sparsely pilose. Metepisternum rather elongate, c. 1.5 
x as long as wide at apex. Terminal sternum in male 
bisetose, in female quadrisetose. 

Legs : Short, densely pilose. In male two basal 
tarsomeres of protarsus barely widened and sparsely 
pilose underneath. 

Male genitalia (Figure 21): Aedeagus fairly elongate, 
rather compact but slender; lower surface in basal part 
rather concave. Apex obtusely angulate, triangular. 
Internal sac with a narrow and a fairly wide, more or 
less sclerotised piece. Left paramere large, triangular, 
right paramere very slender, both bisetose, but the upper 
seta on the left paramere longer than the lower one. 

Female gonocoxites: Much as in M. magnus sp. nov. 

Variation: Apart from some differences in body size, 
little variation noted. 

COLLECTING CIRCUMSTANCES 

Collected in troglofauna trap set 20 m below ground 
surface. 


DISTRIBUTION 

South-east of Pannawonica, western Pilbara, north¬ 
western Western Australia, known only from type 
locality. 

RELATIONSHIPS 

The shape of the pronotum enables M. quartermainei 
sp. nov. to be easilly distinguished. 

ETYMOLOGY 

The name is a patronym in honour of Jeremy 
Quartermaine, one of the collectors. 

Genus Pilbaranillus gen. nov. 

urn:lsid:zoobank.org:act:66263E93-11A8-477B-8FBE- 

D57AC038FE76 

TYPE SPECIES 

Pilbaranillus latibasis sp. nov., by monotypy. 

DIAGNOSIS 

Body size large (in group). Colour depigmented, dark 
yellow. Surface with inconspicuous, isodiametric to 
slightly transverse microreticulation, elytra with coarse 
punctation, surface rather sparsely pubescent. 

Head large, slightly narrower than pronotum. 
Eye absent, head laterally convex. Mandibles 
short. Maxillary palpus short, preapical palpomere 
globose, densely pilose, apical palpomere tiny, barely 
recognisable. Labial palpus small, labium transverse. 
Mentum not fused to submentum, mental tooth absent. 
Two supraorbital seta and one clypeal seta present, 
also one seta on frons and another inside the posterior 
supraorbital seta. Antenna short, rather globose. 

Pronotum comparatively elongate, rather quadrate, 
with remarkably wide basis as compared with the apex. 
Apical angle barely produced, basal angle angulate. 
Lateral margin faintly denticulate just in front of the 
basal angle. Margin bisetose. 

Elytra moderately elongate, rather oval-shaped, 
narrowed basad. Humerus obliquely-convex, base 
slightly oblique. Lateral margin rather straight but 
slightly oblique, apex rounded, not emarginate. Surface 
depressed, striae absent, without discal sulcus. Lateral 
margin coarsely denticulate, at least in basal half, and 
pilose; scutellary puncture present but difficult to detect 
within the coarse punctation; 3 discal punctures present 
but barely discernible. Microreticulation superficial, 
slightly transverse. Surface rather sparsely pilose. 
Metathoracic wings absent. 

Legs short, profemur not dentate. 1st and 2nd 
tarsomeres of male protarsus slightly dilated and pilose. 
Lower surface microreticulate and sparsely pilose. 
Aedeagus fairly elongate, markedly curved, with 
short, rather obtuse apex. Internal sac with three narrow, 
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sclerotised pieces. Parameres differently shaped, right 
very slender, both with two elongate apical setae. 
Gonocoxites unknown. 

DISTRIBUTION 

A single species recorded from the western Pilbara, 
north-western Western Australia. Sampled by scraping 
in a drill hole 71m deep. Nothing is known about habits, 
diet, and reproduction. 

RELATIONSHIPS 

This genus differs in some character states from the 
rather similarly sized and shaped species of the genus 
Macranillus, namely in the shorter, less parallel-sided 
elytra, more widely rounded humerus, absence of 
the elytral sulcus, weak microreticulation but strong 
punctation on the elytra, and slightly pointed down apex 
of the aedeagus. 

ETYMOLOGY 

The name refers to the occurrence of the single species 
in the Pilbara region. 


Pilbaranillus latibasis sp. nov. 

Figures 6, 22 

urn:lsid:zoobank.org:act:E6481C65-6948-4763-8DC9- 

4D5E7E63252C 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: S, Dragon, c. 45 km S. 
Pannawonica 22°00’45.0"S 116°33'31.5"E (WGS 84) 19 
Jul. 2012 G.B. Pearson, S.R. Bennett (RI011) Scrape, 71 
m / BENN049 (WAM E84038). 

DIAGNOSIS 

Large, rather wide, depressed, flavous species with 
rather quadrate pronotum and wide, slightly oval-shaped 
elytra; distinguished from genera without elytral sulcus 
by much larger body size. 

DESCRIPTION 

Measurements'. Length: 2.45 mm; width: 0.9 mm. 
Ratio width/length of pronotum: 1.02; width of base/ 
width of apex of pronotum: 1.25; ratio length/width of 
elytra: 1.64; ratio length/width of 10th antennomere: 1.3. 

Colour. Upper and lower surfaces pale red, palpi, 
antenna, and legs yellow. 

Head (Figure 6): Distinctly narrower than pronotum, 
comparatively elongate, laterally convex. Upper 
surface gently convex. Frons with an inconspicuous, 
oblique and curved sulcus on either side just behind 
the clypeal suture. Neck wide. Clypeus bisetose, setae 
elongate. Labrum straight at apex, 6-setose. Subapical 


palpomere of maxillary palpus relatively narrow, apical 
palpomere tiny, barely perceptible. Antenna short, 
median antennomeres globose, c. 1.3 x as long as wide. 
Frons with an elongate seta at either side, another 
elongate seta inside of posterior supraorbital seta. 
Surface very sparsely pilose, pilosity short and inclined 
slightly anteriad, only laterally pilosity slightly denser. 
Microreticulation rather superficial, about isodiametric 
to slightly transverse. 

Prothorax (Figure 6): Quadrate, comparatively 
elongate, barely wider than long, widest at apical 
third. Apical margin almost straight, apical angle very 
slightly produced; lateral margin apart from apical 
fourth very gently convex to almost straight and slightly 
oblique, immediately in front of the almost rectangular, 
slightly denticulate basal angle with a short, obtuse 
protuberance. Base wide, much wider than apex, almost 
straight, laterally even very faintly concave. Apex and 
base not margined, lateral margin narrow, not widened 
basad. Disk depressed. Median line fine, slightly 
impressed, ending far from apex and base. Anterior 
transverse sulcus absent, posterior sulcus visible but 
faint. Basal grooves shallow. Anterior marginal seta 
situated slightly in front of apical third, seta elongate; 
posterior seta located close to basal angle. Surface with 
rather sparse, fairly elongate, almost erect pilosity. 
Microreticulation comparatively faint, rather transverse. 

Elytra (Figure 6): Comparatively short and wide, not 
exactly parallel, disk gently convex, widest at basal 
fourth. Humerus rounded, base slightly oblique. Lateral 
margin behind basal third straight but faintly oblique, 
pilose, rather finely denticulate. Apex convex. No striae 
perceptible. Virtually no discal sulcus perceptible. 
Surface coarsely punctate, microreticulation superficial, 
slightly transverse, surface with comparatively dense 
and elongate, almost erect pilosity. Disk with three 
discal punctures and setae, at basal third, apical third, 
and close to apex, but punctures very difficult to see 
within the coarse punctation, because all setae are 
broken. Marginal setae very elongate. Metathoracic 
wings absent. 

Lower surface'. Rather coarsely microreticulate, 
sparsely pilose. Metepisternum fairly elongate, c. 1.5 
x as long as wide at apex. Terminal sternum in male 
bisetose. 

Legs: Short, densely pilose. In male two basal 
tarsomeres of protarsus barely widened, sparsely pilose 
underneath. 

Male genitalia (Figure 22): Aedeagus fairly elongate, 
moderately wide; lower surface in basal part only 
moderately concave. Apex obtusely triangular but in 
lateral view slightly bent down. Internal sac with three 
narrow, more or less sclerotised pieces. Left paramere 
large, triangular, right paramere very slender, both 
bisetose, setae on both parameres of about same length. 

Female gonocoxites'. Unknown. 

Variation: Unknown. 
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COLLECTING CIRCUMSTANCES 

The holotype was collected at unknown depth by 
scraping of a 71 m deep drill hole. 

DISTRIBUTION 

Near Pannawonica, western Pilbara, north-western 
Western Australia, known only from type locality. 

ETYMOLOGY 

The name refers to the wide basis of the pronotum as 
compared with the apex. 

Genus Gracilanillus gen. nov. 

urn:lsid:zoobank.org:act:EE316503-0DD9-4816-B179- 

685DF7C97137 

TYPE SPECIES 

Gracilanillus longulus sp. nov., by present designation. 

DIAGNOSIS 

Small to medium sized, depigmented, yellow to pale 
red species. Surface with inconspicuous, isodiametric to 
slightly transverse microreticulation, elytra with coarse 
punctuation and or microreticulation, surface rather 
sparsely pubescent. 

Head large, usually barely narrower than pronotum. 
Eye absent, head laterally convex. Mandibles short. 
Maxillary palpus short, preapical palpomere globose, 
densely pilose, apical palpomere rather elongate. Labial 
palpus small, labium transverse. Mentum not fused to 
submentum, mental tooth present though faint. Two 
supraorbital seta and one clypeal seta present, also one 
seta on frons. Antenna short, rather globose. 

Pronotum comparatively elongate, rather quadrate or 
almost so, rarely rather cordiform, usually with wide 
basis as compared with the apex. Apical angle barely 
produced, basal angle angulate. Lateral margin faintly 
denticulate just in front of the basal angle. Margin 
bisetose. 

Elytra very narrow and elongate, markedly parallel¬ 
sided, barely narrowed basad. Humerus angulate, 
almost rectangular, base almost transverse. Lateral 
margin straight over a long distance, apex rounded, not 
emarginated not transverse. Surface depressed, striae 
absent, with a weak discal sulcus that in some species 
is barely or only near base perceptible. Lateral margin 
rather coarsely denticulate, at least in basal half, and 
pilose; scutellary puncture present but difficult to detect 
within the coarse punctation; 3 discal punctures present 
but barely discernible. Microreticulation superficial, 
slightly transverse. Surface corsaley punctuate, rather 
sparsely pilose. 

Metathoracic wings absent. 

Legs short, profemur not dentate. 1st and 2nd 
tarsomeres of male protarsus slightly dilated and pilose. 


Lower surface microreticulate and sparsely pilose. 

Aedeagus compact, in basal part markedly curved, 
with short, rather obtuse apex. Internal sac with one 
slightly more sclerotised piece. Parameres fairly 
differently shaped, right paramere slenderer than left, 
both with two elongate apical setae. 

Gonocoxite 2 narrow and elongate, slightly curved, 
with acute apex, apparently without ensiform setae, with 
an elongate subapical nematiform seta. 

DISTRIBUTION 

Six species recorded from the Pilbara, north-western 
Western Australia. Sampled by scraping and trapping at 
depths up to 39 m. Nothing is known about habits, diet, 
and reproduction. 

RELATIONSHIPS 

In some character states the genus is similar to 
Macranillus, particularly in the rather quadrate 
prothorax of most species, the parallel-sided elytra, 
and the almost rectangular humerus. It differs, 
however, by lesser body size, the very elongate elytra, 
and the chetotaxy of head and elytra. Gracilanillus 
differs strongly from eastern Illaphanus because of 
the narrow, elongate, and parallel body shape of the 
former. Therefore, Gracilanillus may be more related 
to Macranillus than to Illaphanus. Relationships to the 
genus Hesperanillus, or to certain species of that genus, 
are obscure, because the phylogenetic importance of the 
presence, or absence, of the elytral sulcus is uncertain. 
The weak formation of the sulcus in most species of 
Gracilanillus, however, suggests a minor phylogenetic 
value. 

ETYMOLOGY 

The name refers to the slender body shape of the very 
small species of this genus. 

Gracilanillus longulus sp. nov. 

Figure 7 

urn:lsid:zoobank.org:act:A4852160-BCBF-41C1-B25D- 

598C9DA027AB 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: S (abdomen 
destroyed), West Pit, c. 45 km S. Pannawonica 
21°59T7.7"S 116°30'01.rE (WGS 84) 21 Jul. 2012 G.B. 
Pearson, S.R. Bennett (BS010) Scrape, 23 m / BENN050 
(WAM E84039). 

DIAGNOSIS 

Moderately large (in genus), very narrow and elongate 
species with rather narrow pronotum and parallel-sided 
elytra; distinguished from similarly shaped species by 


70 


MARTIN BAEHR AND DEAN MAIN 


combination of relatively narrow base of pronotum with 
comparatively obtuse basal angle, very elongate elytra, 
and relatively distinct elytral sulcus. 

DESCRIPTION 

Measurements : Length: 1.48 mm; width: 0.36 mm. 
Ratio width/length of pronotum: 0.97; width of base/ 
width of apex of pronotum: 0.88; ratio length/width of 
elytra: 2.14; ratio length/width of 10th antennomere: 
1.15. 

Colour. Upper and lower surfaces yellow, palpi, 
antenna, and legs pale yellow. 

Head (Figure 7): Large, barely narrower than 
pronotum, wide, laterally convex. Eye area prominent. 
Upper surface gently convex. Frons with an 
inconspicuous, short, oblique sulcus on either side just 
behind the clypeal suture. Neck wide. Clypeus bisetose, 
setae elongate. Labrum slightly concave at apex, 
6-setose. Subapical palpomere of both palpi compact 
and with elongate pilosity, apical palpomere fairly 
elongate. Antenna short, median antennomeres globose, 
c. 1.15 x as long as wide. Two supraorbital setae present. 
Frons with an elongate seta at either side. Surface 
sparsely punctate and pilose, pilosity fairly elongate, 
inclined slightly anteriad, only laterally slightly denser. 
Microreticulation weak, in middle almost absent, 
surface glossy. 

Prothorax (Figure 7): About as long as wide, rather 
quadrate, widest at apical fifth. Apical margin almost 
straight, apical angle very slightly produced; lateral 
margin very gently convex, immediately in front of the 
obtusely angulate basal angle slightly incurved. Base 
moderately narrow, considerably narrower than apex, 
almost straight. Apex and middle of base not margined, 
lateral margin comparatively wide, slightly sulcate, 
barely widened basad. Disk rather depressed. Median 
line fine, slightly impressed, ending far from apex 
and base. Both transverse sulci barely recognisable. 
Basal grooves absent. Anterior marginal seta situated 
at apical sixth, posterior seta located slightly in front 
of basal angle, both setae elongate. Surface with rather 
sparse, fine punctures and with fairly elongate, almost 
erect pilosity. Microreticulation distinct though rather 
superficial, consisting of large, isodiametric meshes, 
surface glossy. 

Elytra (Figure 7): Very narrow and elongate, 
remarkably parallel sided, disk depressed, widest 
about in middle. Humerus obtusely angulate, almost 
rectangular, base transversal. Lateral margin behind 
base for a long distance absolutely straight, pilose, very 
finely denticulate. Apex convex. No striae perceptible. 
Discal sulcus shallow, wide. Surface sparsely punctate, 
microreticulation distinct though rather superficial, 
consisting of large, isodiametric meshes, surface with 
sparse, elongate, almost erect pilosity, rather glossy. 


Disk with two discal punctures and setae at apical 
third and close to apex, but punctures very difficult 
to see within the punctation and microreticulation, 
because setae are broken. Marginal setae very elongate. 
Metathoracic wings absent. 

Lower surface : Sparsely punctate and pilose, 
abdomen with distinct though somewhat superficial 
microreticulation that consists of large, isodiametric 
meshes. Metepisternum rather elongate, c. 1.5 x as long 
as wide at apex. 

Legs : Short, densely pilose. Two basal tarsomeres 
of male protarsus barely widened and sparsely pilose 
underneath. 

Male genitalia: Not preserved 
Female gonocoxites'. Unknown. 

Variation: Unknown. 

COLLECTING CIRCUMSTANCES 

The holotype was collected at unknown depth by 
scraping of a 23 m deep drill hole. 

DISTRIBUTION 

Near Pannawonica, western Pilbara, north-western 
Western Australia, known only from type locality. 

RELATIONSHIPS 

This species is most similar to G. minutus sp. nov. and 
G. currani sp. nov., but differs from the first by larger 
size, narrower pronotum, and longer elytra and from 
G. currani by much narrower pronotum with narrower 
base. 

ETYMOLOGY 

The name refers to the very narrow and elongate 
elytra of this species. 

Gracilanillus minutus sp. nov. 

Figure 8 

urn:lsid:zoobank.org:act:1768BBD3-936F-4178-8345- 
49323954158B 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: $, Flinders Mine, 
c. 74 km NNW. Tom Price 22°07'02.60"S 117°26T3.70"E 
(WGS 84) 13 Apr. 2011 D.C. Main, J.W. Quartermaine 
(HPRC0526) Trog scrape, 16 m / BINSECT0025 (WAM 
E84028). 

DIAGNOSIS 

Very small, very narrow and elongate species 
with rather wide pronotum and parallel-sided elytra; 
distinguished from similarly shaped species by 
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combination of small size, relatively wide base of 
pronotum with comparatively obtuse basal angle, 
moderately elongate elytra (in genus), and rather 
indistinct elytral sulcus. 

DESCRIPTION 

Measurements'. Length: 1.15 mm; width: 0.33 mm. 
Ratio width/length of pronotum: 1.11; width of base/ 
width of apex of pronotum: 0.96; ratio length/width of 
elytra: 2.04; ratio length/width of 10th antennomere: 1.1. 

Colour. Upper and lower surfaces yellow, palpi, 
antenna, and legs pale yellow. 

Head (Figure 8): Large, barely narrower than 
pronotum, wide, laterally convex. Eye area prominent. 
Upper surface gently convex. Frons with an 
inconspicuous, short, oblique sulcus on either side just 
behind the clypeal suture. Neck wide. Clypeus bisetose, 
setae elongate. Labrum slightly concave at apex, 
6-setose. Subapical palpomere of both palpi compact 
and with elongate pilosity, apical palpomere elongate. 
Antenna short, median antennomeres globose, c. 1.1 x 
as long as wide. Two supraorbital setae present. Frons 
with an elongate seta at either side and with a seta 
inside the supraorbital setae, but most setae broken. 
Surface sparsely but coarsely punctate and sparsely 
pilose, pilosity fairly elongate, inclined slightly anteriad, 
only laterally slightly denser. Microreticulation absent 
in middle, laterally indistinct, consisting of large, 
isodiametric meshes, surface glossy. 

Prothorax (Figure 8): Perceptibly wider than long, 
rather quadrate, widest at apical fifth. Apical margin 
almost straight, apical angle very slightly produced; 
lateral margin very gently convex, immediately in front 
of the obtusely angulate basal angle shortly excised. 
Base wide, almost as wide as apex, very slightly 
convex. Apex and middle of base not margined, lateral 
margin narrow, barely widened basad. Disk rather 
depressed. Median line fine, slightly impressed, ending 
far from apex and base. Anterior transverse sulcus 
barely recognisable, posterior sulcus very shallow. 
Basal grooves barely perceptible. Anterior marginal 
puncture situated at apical fifth, posterior puncture 
located slightly in front of basal angle. Surface with 
scattered, rather coarse punctures and fairly elongate, 
almost erect pilosity. Microreticulation on disk absent 
to very superficial, laterally and near base more distinct, 
consisting of large, isodiametric meshes, surface glossy. 

Elytra (Figure 8): Narrow and elongate, parallel¬ 
sided, disk depressed, widest in middle. Humerus 
obtusely angulate, almost rectangular, base transverse. 
Lateral margin absolutely straight over much of its 
length, pilose, finely denticulate. Apex convex. No 
striae perceptible. An extremely shallow discal sulcus 
situated about in middle. Surface punctate, with rather 
sparse, elongate, almost erect pilosity. Microreiculation 
distinct, consisting of large, isodiametric meshes. 


Discal punctures not perceptible within the coarse 
microreticulation, because setae are broken. Marginal 
setae very elongate. Metathoracic wings absent. 

Lower surface : Coarsely punctate, rather sparsely 
pilose. Metepisternum rather elongate, c. 1.5 x as long as 
wide at apex. Terminal sternum in female quadrisetose. 
Legs'. Short, densely pilose. Male protarsus unknown. 
Male genitalia'. Unknown. 

Female gonocoxites : Not dissected. 

Variation: Unknown. 

COLLECTING CIRCUMSTANCES 

The holotype was collected by scraping at an 
unknown depth of <16 m. 

DISTRIBUTION 

North-west of Tom Price, central Pilbara, north¬ 
western Western Australia, known only from type 
locality. 

RELATIONSHIPS 

This species is most similar to G. bennetti sp. nov. and 
G. currani sp. nov., but differs from both by smaller size 
and shorter elytra. 

ETYMOLOGY 

The name refers to the very small body size of this 
species. 

Gracilanillus currani sp. nov. 

Figure 9 

urn:lsid:zoobank.org:act:DDD3F746-69C1-4055-B884- 

A0FB6C03A782 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: Cloudbreak, 

c. 87 km SW. Nullagine 22°20'26.40"S 119°25'50.70"E 
(WGS 84) 15 Mar. 2011 M.K. Curran, J.S. Cocking 
(GNGC05589) Trog scrape, 15 m / BINSECT0023 
(WAM E84026). 

DIAGNOSIS 

Medium sized (in genus), very narrow and elongate 
species with rather wide pronotum and parallel-sided 
elytra; distinguished from similarly shaped species by 
combination of relatively wide base of pronotum with 
denticulate basal angle, very elongate elytra (in genus), 
and rather indistinct elytral sulcus. 

DESCRIPTION 

Measurements'. Length: 1.40 mm; width: 0.37 mm. 
Ratio width/length of pronotum: 1.14; width of base/ 
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width of apex of pronotum: 1.0; ratio length/width of 
elytra: 2.13; ratio length/width of 10th antennomere: ?. 

Colour. Upper and lower surfaces yellow, palpi, 
antenna, and legs pale yellow. 

Head (Figure 9): Large, slightly narrower than 
pronotum, wide, laterally convex. Upper surface gently 
convex. Eye area less produced than in other species. 
Frons with an inconspicuous, short, oblique sulcus on 
either side just behind the clypeal suture. Neck wide. 
Clypeus bisetose, setae elongate. Labrum slightly 
concave at apex, 6-setose. Subapical palpomere of 
both palpi compact and with elongate pilosity, apical 
palpomere elongate. Both antennae broken from 2nd or 
4th antennomere. Two supraorbital setae present. Frons 
with an elongate seta at either side and with a seta inside 
the supraorbital setae, but all setae broken. Surface 
sparsely punctate and pilose, pilosity fairly elongate, 
inclined slightly anteriad, only laterally slightly denser. 
Microreticulation distinct though slightly superficial, 
consisting of large, isodiametric meshes, surface glossy. 

Prothorax (Figure 9): Perceptibly wider than long, 
rather quadrate, widest at apical fifth. Apical margin 
almost straight, apical angle very slightly produced; 
lateral margin very gently convex, immediately in front 
of the faintly dentiform basal angle shortly excisd. Base 
wide, as wide as apex, straight. Apex and middle of base 
not margined, lateral margin narrow, barely widened 
basad. Disk rather depressed. Median line fine, slightly 
impressed, ending far from apex and base. Anterior 
transverse sulcus barely recognisable, posterior sulcus 
shallow. Basal grooves very shallow. Anterior marginal 
puncture situated at apical fifth, posterior puncture 
located slightly in front of basal angle, but setae broken. 
Surface with scattered, very coarse punctures and 
fairly elongate, almost erect pilosity. Microreticulation 
distinct though rather superficial, consisting of large, 
isodiametric meshes, surface glossy. 

Elytra (Figure 9): Very narrow and elongate, 
remarkably parallel-sided, disk depressed, widest in 
middle. Humerus obtusely angulate, slightly more 
obtuse than in other species, base very slightly oblique. 
Lateral margin absolutely straight over most of its 
length, pilose, finely denticulate. Apex convex. No 
striae perceptible. A very shallow discal sulcus situated 
rather close to lateral margin. Surface very coarsely 
punctate, microreticulation barely perceptible, surface 
with rather sparse, elongate, almost erect pilosity. Discal 
punctures not perceptible within the coarse punctation, 
because setae are broken. Marginal setae very elongate. 
Metathoracic wings absent. 

Lower surface : Coarsely punctate, rather sparsely 
pilose. Metepisternum rather elongate, c. 1.5 x as long as 
wide at apex. Terminal sternum in female quadrisetose. 

Legs'. Short, densely pilose. Male protarsus unknown. 

Male genitalia'. Unknown. 

Female gonocoxites : Not dissected. 

Variation: Unknown. 


COLLECTING CIRCUMSTANCES 

The holotype was collected by scraping at an 
unknown depth of <15 m. 

DISTRIBUTION 

Near Nullagine in the Pilbara, north-western Western 
Australia, known only from type locality. 

RELATIONSHIPS 

This species is most similar to G. bennetti sp. nov. 
and G.minutus sp. nov.; it differs from the first by wider 
pronotum with wider base and denticulate basal angle 
and by weaker elytral sulcus, and from the second by 
larger size and longer elytra. 

ETYMOLOGY 

The name is a patronym in honour of Michael Curran, 
one of the collectors. 

Gracilanillus vixsulcatus sp. nov. 

Figures 10, 26 

urn:lsid:zoobank.org:act:80B6A868-637C-4B37-8D7C- 
39CD1 BFEB3A0 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: ^ Marillana Creek, 
c. 85 km NNW. Newman 22°41'53.30"S 119 o 20'28.80"E 
(WGS 84) 13 May 2011 D.C. Main, S.R. Bennett 
(MA0298) Trog scrape, 18 m / BINSECT0024 (WAM 
E84027). 

DIAGNOSIS 

Medium sized (in genus), very narrow and elongate 
species with rather narrow pronotum and parallel-sided 
elytra; distinguished from similarly shaped species 
by combination of relatively narrow pronotum, very 
elongate elytra (in genus), and an extremely weak elytral 
sulcus that is only perceptible near base. 

DESCRIPTION 

Measurements : Length: 1.48 mm; width: 0.38 mm. 
Ratio width/length of pronotum: 0.97; width of base/ 
width of apex of pronotum: 0.98; ratio length/width of 
elytra: 2.15; ratio length/width of 10th antennomere: 
1 . 10 . 

Colour'. Upper and lower surfaces yellow, palpi, 
antenna, and legs pale yellow. 

Head (Figure 10): Large, slightly narrower than 
pronotum, laterally convex. Eye area prominent. Upper 
surface gently convex. Frons with an inconspicuous, 
oblique sulcus on either side just behind the clypeal 
suture. Neck wide. Clypeus bisetose, setae elongate. 
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Labrum slightly concave at apex, 6-setose. Subapical 
palpomere of both palpi compact and with elongate 
pilosity, apical palpomere fairly elongate. Antenna 
short, median antennomeres globose, c. 1.1 x as long 
as wide. Two supraorbital setae present. Frons with an 
elongate seta at either side. Surface sparsely punctate 
and pilose, pilosity fairly elongate, inclined slightly 
anteriad, only laterally slightly denser. Microreticulation 
distinct though slightly superficial, consisting of large, 
isodiametric meshes, surface glossy. 

Prothorax (Figure 10): Quadrate, comparatively 
elongate, slightly longer than wide, widest at apical 
third. Apical margin almost straight, apical angle very 
slightly produced; lateral margin apart from apical 
fourth very gently convex to almost straight and slightly 
oblique, immediately in front of the almost rectangular 
basal angle with a tiny, barely recognisable denticle. 
Base wide, about as wide as apex, almost straight. 
Apex and base not margined, lateral margin narrow, 
not widened basad. Disk depressed. Median line fine, 
slightly impressed, ending far from apex and base 
Anterior transverse sulcus not perceptible, posterior 
sulcus visible but faint. Basal grooves very shallow, 
about linear. Anterior marginal seta situated slightly 
in front of apical third, posterior located close to basal 
angle, setae elongate. Surface with rather sparse, fairly 
elongate, almost erect pilosity. Microreticulation rather 
superficial, consisting of isodiametric meshes. 

Elytra (Figure 10): Very narrow and elongate, 
remarkably parallel sided, disk depressed, widest 
about in middle. Humerus almost rectangular, base 
transversal. Lateral margin behind base for a long 
distance absolutely straight, pilose, finely denticulate. 
Apex convex. No striae perceptible. Discal sulcus barely 
perceptible, only at base extremely superficial. Surface 
sparsely punctate, microreticulation distinct though 
slightly superficial, consisting of large, isodiametric 
meshes, surface with sparse, elongate, almost erect 
pilosity, rather glossy. Only one discal puncture close 
to apex perceptible, but puncture very difficult to see 
within the coarse microreticulation, because setae are 
broken. Marginal setae very elongate. Metathoracic 
wings absent. 

Lower surface : Coarsely microreticulate, sparsely 
pilose. Metepisternum rather elongate, c. 1.5 x as long as 
wide at apex. Terminal sternum in female quadrisetose. 

Legs'. Short, densely pilose. Male protarsus unknown. 

Male genitalia'. Unknown. 

Female gonocoxites (Figure 26): Gonocoxite 1 
compact, without setae at the apical margin. Gonocoxite 
2 elongate, slightly curved, with acute apex, apparently 
without any ensiform setae, but with an elongate 
nematiform seta in upper third of the dorso-median 
surface that originates in a pit. 

Variation: Unknown. 


COLLECTING CIRCUMSTANCES 

The holotype was collected by scraping at an 
unknown depth of <18 m. 

DISTRIBUTION 

North-west of Newman, central Pilbara, north-western 
Western Australia, known only from type locality. 

RELATIONSHIPS 

This species is very similar in body shape to the three 
former species, but differs from these by the barely 
perceptible elytral sulcus. 

ETYMOLOGY 

The name refers to the barely perceptible elytral 
sulcus. 


Gracilanillus cockingi sp. nov. 

Figures 11, 23 

urn:lsid:zoobank.org:act:892A515C-614E-4739-BC68- 

086248B8A26B 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: S, Solomon, c. 39 km 
W. Wittenoom 22°H'25.20"S 117°57’58.50"E (WGS 84) 
14 Sep. 2012-07 Nov. 2012 J.S. Cocking, S.R. Bennett 
(SM0256) Trog trap, 9 m / BINSECT0027 (WAM 
E84030). 

DIAGNOSIS 

Rather large (in genus), very narrow and elongate 
species with narrow, faintly cordiform pronotum and 
parallel-sided elytra; distinguished from other species 
by shape of pronotum that bears a slightly oblique and 
faintly concave lateral margin. 

DESCRIPTION 

Measurements : Length: 1.58 mm; width: 0.40 
mm. Ratio width/length of pronotum: 0.98; width of 
base/width of apex of pronotum: 0.88; ratio width of 
pronotum/width of head: 1.06; ratio length/width of 
elytra: 2.08; ratio length/width of 10th antennomere: 
1.10. 

Colour'. Upper and lower surfaces yellow, palpi, 
antenna, and legs pale yellow. 

Head (Figure 11): Large, slightly narrower than 
pronotum, laterally convex. Eye area prominent. Upper 
surface gently convex. Frons with an inconspicuous, 
oblique sulcus on either side just behind the clypeal 
suture. Neck wide. Clypeus bisetose, setae elongate. 
Labrum slightly concave at apex, 6-setose. Mentum with 
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faint tooth. Subapical palpomere of both palpi compact 
and with elongate pilosity, apical palpomere moderately 
elongate. Antenna short, median antennomeres globose, 
c. 1.1 x as long as wide. Two supraorbital setae present. 
Frons with an elongate seta at either side. Surface 
sparsely punctate and pilose, pilosity fairly elongate, 
inclined slightly anteriad, only laterally slightly denser. 
Microreticulation absent, surface very glossy. 

Prothorax (Figure 11): Comparatively elongate, 
about as long as wide, widest at apical third, faintly 
cordiform. Apical margin almost straight, apical angle 
very slightly produced; lateral margin apart from 
apical fourth gently oblique, almost straight to faintly 
concave, immediately in front of the angulate basal 
angle with a tiny protuberance. Base moderately narrow, 
considerably narrower than apex, almost straight. Apex 
and base not margined, lateral margin relatively wide, 
slightly widened basad. Disk depressed. Median line 
fine, slightly impressed, ending far from apex and base. 
Anterior transverse sulcus barely perceptible, posterior 
sulcus faintly impressed. Basal grooves shallow. 
Anterior marginal seta situated slightly in front of apical 
fourth, posterior seta located close to basal angle, setae 
elongate. Surface with rather sparse, fairly elongate, 
almost erect pilosity. Microreticulation in middle 
superficial, laterally and in basal part more distinct, 
consisting of isodiametric to slightly transverse meshes. 

Elytra (Figure 11): Very narrow and elongate, 
remarkably parallel sided, disk depressed, widest 
about in middle. Humerus obtusely angulate, almost 
rectangular, base almost transversal. Lateral margin 
behind base for a long distance absolutely straight, 
pilose, finely denticulate. Apex convex. No striae 
perceptible. Discal sulcus distinct and complete. Surface 
sparsely punctate, with sparse, elongate, almost erect 
pilosity. Microreticulation distinct though slightly 
superficial, consisting of large, isodiametric to slightly 
transverse meshes, surface rather glossy. Two discal 
punctures in apical third and close to apex perceptible, 
but punctures difficult to see within the coarse 
microreticulation, when setae are broken. Marginal setae 
very elongate. Metathoracic wings absent. 

Lower surface'. Punctate and with rather superficial 
microreticulation, sparsely pilose. Metepisternum rather 
elongate, c. 1.5 x as long as wide at apex. Terminal 
sternum in male bisetose. 

Legs : Short, densely pilose. Two basal tarsomeres 
of male protarsus barely widened and sparsely pilose 
underneath. 

Male genitalia (Figure 23): Aedeagus short an 
compact, moderately wide; lower surface in basal part 
only moderately concave, in middle slightly convex, 
near apex again slightly concave. Apex short, obtusely 
triangular. Internal sac with one slightly sclerotised 
piece. Left paramere large, triangular, right paramere 


slenderer, both bisetose, setae on both parameres of 
about same length. 

Female gonocoxites : Unknown. 

Variation: Unknown. 

COLLECTING CIRCUMSTANCES 

The holotype was collected in a trap set 9 m below the 
ground surface. 

DISTRIBUTION 

Near Wittenoom, northern Pilbara, north-western 
Western Australia, known only from type locality. 

RELATIONSHIPS 

This species differs from all other species in the form 
of the pronotum, the elytral sulcus also is more distinct 
than in most other species. 

ETYMOLOGY 

The name is a patronym in honour of Jim Cocking, 
one of the collectors. 


Gracilanillus cordatus sp. nov. 

Figure 12 

urn:lsid:zoobank.org:act:5BF2119E-4E36-4312-BAB5- 

95290BE2A54E 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: Western Hub, 

c. 61 km WNW. Tom Price 22°28'09.30" S 
117°15'22.50"E (WGS 84) 09 May 2013 J.W. 
Quartermaine, S.R. Bennett (EW0003) Trog scrape, 39 
m / BINSECT0028 (WAM E84031). 

DIAGNOSIS 

Very small, narrow and elongate species with rather 
narrow, distinctly cordiform pronotum and parallel¬ 
sided elytra; distinguished from other species by shape 
of pronotum that bears a slightly dentiform basal angle 
and by shorter elytra. 

DESCRIPTION 

Measurements’. Length: 1.20 mm; width: 0.33 mm. 
Ratio width/length of pronotum: 1.02; width of base/ 
width of apex of pronotum: 0.79; ratio length/width of 
elytra: 1.95; ratio length/width of 10th antennomere: 
1.15. 

Colour'. Upper and lower surfaces yellow, palpi, 
antenna, and legs pale yellow. 

Head (Figure 12): Large, slightly narrower than 
pronotum, wide, laterally convex. Eye area moderately 


NEW GENERA AND SPECIES OF ANILLINE BEMBIDIINI FROM WESTERN AUSTRALIA 


75 


prominent. Upper surface gently convex. Frons with 
an inconspicuous, short, oblique and curved sulcus on 
either side just behind the clypeal suture. Neck wide. 
Clypeus bisetose, setae elongate. Labrum straight at 
apex, 6-setose. Subapical palpomere of both palpi 
compact, apical palpomere rather short. Antenna short, 
median antennomeres globose, c. 1.15 x as long as wide. 
Two supraorbital setae present. Frons with an elongate 
seta at either side. Surface sparsely, rather coarsely 
punctate, sparsely pilose, pilosity fairly elongate, 
inclined slightly anteriad, only laterally pilosity slightly 
denser. Microreticulation absent, surface glossy. 

Prothorax (Figure 12): About as long as wide, 
markedly cordiform, widest at apical fourth. Apical 
margin almost straight, apical angle very slightly 
produced; lateral margin regularly convex, immediately 
in front of the slightly dentiform basal angle with a faint 
concavity. Base narrow, considerably narrower than 
apex, convex, laterally faintly concave. Apex and middle 
of base not margined, lateral margin very narrow, not 
widened basad. Disk rather depressed. Median line 
fine, slightly impressed, ending far from apex and base. 
Anterior tranverse sulcus barely recognisable, basal 
transverse sulcus distinct, convex. Basal grooves very 
shallow. Anterior marginal seta situated slightly in 
front of apical third, posterior seta located close to basal 
angle, setae elongate. Surface with rather sparse, fairly 
coarse punctures and with fairly elongate, almost erect 
pilosity. Microreticulation barely recognisable except at 
apex and base, surface glossy. 

Elytra (Figure 12): Narrow and elongate but shorter 
than in all other species of the genus, parallel-sided, 
disk depressed, widest at basal fourth. Humerus 
obtusely angulate, almost rectangular, base transversal. 
Lateral margin behind basal third straight, pilose, 
finely denticulate in basal half. Apex convex. No striae 
perceptible. Discal sulcus distinct, wide. Surface 
sparsely punctate, microreticulation distinct though 
rather superficial, almost isodiametric, with sparse, 
elongate, almost erect pilosity; surface rather glossy. 
Disk with two discal punctures and setae at apical 
third and close to apex, but punctures very difficult 
to see within the punctation and microreticulation, 
because setae are broken. Marginal setae very elongate. 
Metathoracic wings absent. 

Lower surface : Sparsely but coarsely punctuate 
and pilose, abdomen without microreticulation. 
Metepisternum rather elongate, c. 1.5 x as long as wide 
at apex. Terminal sternum in female quadrisetose. 

Legs'. Short, densely pilose. Male protarsus unknown. 

Male genitalia'. Unknown. 

Female gonocoxites : Not dissected. 

Variation: Unknown. 

COLLECTING CIRCUMSTANCES 

The holotype was collected at unknown depth by 
scraping a 39 m deep drill hole. 


DISTRIBUTION 

Near Tom Price, central Pilbara, north-western 
Western Australia, known only from type locality. 

RELATIONSHIPS 

This species differs from all other species of the genus 
in the shape of pronotum and length of elytra. In view 
of the almost rectangular humerus, shape and length of 
elytra, and chetotaxy of head and elytra, it is included 
in the genus Gracilanillus. This species is not as closely 
related to other species of the genus. 

ETYMOLOGY 

The name refers to the rather cordiform shape of the 
pronotum. 


Genus Hesperanillus gen. nov. 

urn:lsid:zoobank.org:act:182372E0-0CE8-4A7F-A784- 
A361A9B72661 

TYPE SPECIES 

Hesperanillus scanloni sp. nov., by present 
designation. 

DIAGNOSIS 

Medium sized, depigmented, yellow to pale 
red species. Surface of head and pronotum with 
inconspicuous, isodiametric to slightly transverse 
microreticulation, elytra with coarse punctation and/or 
microreticulation, surface rather sparsely pubescent. 

Head large, barely narrower than pronotum. Eye 
absent, head laterally convex; eye area remarkably 
prominent. Mandibles short. Maxillary palpus short, 
preapical palpomere globose, with sparse but elongate 
pilosity; labial palpus small; apical palpomeres of both 
palpi remarkably elongate. Labium transverse. Mentum 
not fused to submentum, mental tooth present though 
faint. Two supraorbital seta and one clypeal seta present, 
also one seta on frons. Antenna short, rather globose. 

Pronotum wide, cordiform, with narrow basis as 
compared with apex. Apical angle barely produced, 
basal angle angulate or even denticulate. Margin 
bisetose. 

Elytra rather differently shaped, but not absolutely 
parallel-sided, more or less oval-shaped, narrowed 
basad. Humerus obliquely convex, base transversal 
to slightly oblique. Lateral margin rather straight to 
convex, apex rounded, not emarginate nor transverse. 
Surface depressed, striae absent, without discal 
sulcus. Lateral margin coarsely denticulate, at least in 
basal half, and pilose; scutellary puncture present but 
difficult to detect within the coarse punctation; one or 
two discal punctures present but barely discernible. 
Microreticulation various, isodiametric to slightly 
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transverse. Punctation various. Surface rather sparsely 
pilose. 

Metathoracic wings absent. 

Legs short, profemur not dentate. 1st and 2nd 
tarsomeres of male protarsus slightly dilated and pilose. 

Lower surface microreticulate and sparsely pilose. 

Aedeagus rather compact, lower surface in basal 
part markedly curved, in apical three fourths straight, 
apex moderately short, slightly produced, narrow, with 
obtusely triangular tip. Internal sac with one slightly 
sclerotised piece. Parameres fairly differently shaped, 
right paramere slenderer than left, both with two 
elongate apical setae. 

Gonocoxite 2 rather elongate, slightly curved, with 
acute apex, without ensiform setae, with an elongate 
subapical nematiform seta. 

DISTRIBUTION 

Three species recorded from the Pilbara, north¬ 
western Western Australia. Collected at depths up to 58 
m below ground surface. Nothing is known about habits, 
diet, and reproduction. 

RELATIONSHIPS 

In the absence of the elytral sulcus the genus is similar 
to the eastern genera Austranillus, Tasmanillus, and 
Pseuillaphanus, but it is distinguished from all of these 
by the markedly produced eye area and the elongate 
and/or differently shaped elytra. In certain characters 
of body shape, except for shape of head and the strong 
denticulation of the lateral margins of the elytra, it 
matches the similarly Western Australian Externanillus, 
which is probably the most closely related genus. 

ETYMOLOGY 

The name refers to the occurrence of all species in 
Western Australia: lat. hortus Hesperidae is the garden 
in the far west. 


Hesperanillus scan Ion i sp. nov. 

Figures 13, 24 

urn:lsid:zoobank.org:act:D4D0853D-1 AB3-45A2-BAB5- 
013B1F4C9364 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: S, Phil’s Creek, 
c. 100 km NNW. Newman 22°44'04.7"S 119 o ll'06.8"E 
(WGS 84) 10 Mar. 2009 M.D.Scanlon, G.B. Pearson 
(PROP009) Troglofauna scrape, 20 m (WAM 
E84115). 


DIAGNOSIS 

Moderately large, narrow and elongate, depressed, 
flavous species with remarkably cordiform pronotum 
and narrow, almost parallel-sided elytra; distinguished 
from other species by shape of pronotum, and longer 
elytra with oblique-convex humerus. 

DESCRIPTION 

Measurements : Length: 1.78 mm; width: 0.54 mm. 
Ratio width/length of pronotum: 1.18; width of base/ 
width of apex of pronotum: 0.77; ratio length/width of 
elytra: 1.84; ratio length/width of 10th antennomere: 
1.25. 

Colour. Upper and lower surfaces pale red, palpi, 
antenna, and legs yellow. 

Head (Figure 13): Large, barely narrower than 
pronotum, laterally convex. Eye area markedly 
prominent. Upper surface gently convex. Frons with 
a conspicuous, elongate, oblique and curved sulcus 
on either side from just behind the clypeal suture. 
Neck wide. Clypeus bisetose, setae elongate. Labrum 
slightly concave at apex, 6-setose. Subapical palpomere 
of both palpi large, with some elongate setae, apical 
palpomere remarkably elongate. Antenna short, median 
antennomeres globose, c. 1.25 x as long as wide. Frons 
with an elongate seta at either side. Two elongate 
supraorbital setae present. Surface sparsely pilose, 
pilosity elongate and slightly inclined anteriad, laterally 
pilosity slightly denser. Surface sparsely punctuate, 
Microreticulation rather superficial, about isodiametric 
to slightly transverse. 

Prothorax (Figure 13): Wide, decidedly cordiform, 
much wider than long, widest at apical third. Apical 
margin straight, apical angle barely produced; lateral 
margin convex, in basal sixth concave, basal part of 
margin straight, immediately in front of the rectangular, 
faintly denticulate basal angle with a faint, obtuse 
protuberance. Base narrow, considerably narrower 
than apex, very slightly bisinuate. Apex and middle 
of base not margined, lateral margin narrow, not 
widened basad. Disk rather depressed. Median line 
fine, slightly impressed, ending far from apex and base. 
Apical transverse sulcus faint, basal transverse sulcus 
moderately impressed. Basal grooves shallow, about 
cicular. Anterior marginal seta situated about at apical 
third, posterior seta located close to basal angle, setae 
elongate. Surface sparsely punctuate and pilose, pilosity 
fairly elongate, almost erect. Microreticulation absent 
except near apex and base, surface glossy. 

Elytra (Figure 13): Narrow and elongate, not exactly 
parallel-sided, disk gently convex, widest about in 
middle. Humerus rounded, base slightly oblique. Lateral 
margin behind basal third almost straight, pilose, 
completely, rather coarsely denticulate. Apex convex. 
No striae perceptible. Discal sulcus absent. Surface 
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coarsely punctate, microreticulation distinct though 
slightly superficial, isodiametric to slightly transverse; 
surface with moderately sparse, fairly elongate, almost 
erect pilosity. Disk with two discal punctures and setae 
at apical third and close to apex, but punctures very 
difficult to detect within the coarse punctation, because 
all setae are broken. Marginal setae when visible, very 
elongate. Metathoracic wings absent. 

Lower surface : Rather coarsely microreticulate, 
sparsely pilose. Metepisternum rather short, c. 1.25 x 
longer than wide. Terminal sternum in male bisetose. 

Legs : Short, densely pilose. In male two basal 
tarsomeres of protarsus barely widened and sparsely 
pilose underneath. 

Male genitalia (Figure 24): Aedeagus compact, 
moderately wide; lower surface in basal part deeply 
concave, in apical four fifth straight. Apex moderately 
elongate, obtusely triangular. Internal sac with one 
sinuate, moderately sclerotised piece. Left paramere 
large, triangular, right paramere slenderer, both bisetose, 
setae on both parameres of about same length. 

Female gonocoxites\ Unknown. 

Variation: Unknown. 

COLLECTING CIRCUMSTANCES 

The holotype was collected at unknown depth by 
scraping a 20 m deep drill hole. 

DISTRIBUTION 

North-west of Newman, central Pilbara, north-western 
Western Australia, known only from type locality. 

RELATIONSHIPS 

In shape of elytra this species is most similar to 
H. laticollis sp. nov. but its relationships are uncertain. 

ETYMOLOGY 

The name is a patronym in honour of Mike Scanlon, 
one of the collectors. 


Hesperanillus laticollis sp. nov. 

Figure 14 

urn:lsid:zoobank.org:act:FF6ED86B-BFA7-45CC-A2A1- 

4D9370E47C15 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: Flinders Mine, 

c. 66 kmNNW. Tom Price 22°10’37.80"S 117°28'23.90"E 
(WGS 84) 27 Jul. 2011 J.S. Cocking, J.W. Quartermaine 
(HPRC4214) Trog scrape, 58 m / BINSECT0026 (WAM 
E84029). 


DIAGNOSIS 

Rather small, narrow and fairly elongate, depressed, 
flavous species with wide, gently cordiform pronotum 
and narrow, almost parallel-sided elytra; distinguished 
from other species by shape of pronotum, and 
moderately narrow and elongate elytra with almost 
rectangular humerus. 

DESCRIPTION 

Measurements : Length: c. 1.50 mm; width: 0.40 mm. 
Ratio width/length of pronotum: c. 1.32; width of base/ 
width of apex of pronotum: c. 0.78; ratio length/width 
of elytra: 1.75; ratio length/width of 10th antennomere: 
1.15. 

Colour. Upper and lower surfaces pale red, palpi, 
antenna, and legs yellow. 

Head (Figure 14): Large, slightly narrower than 
pronotum, wide, laterally convex. Eye area markedly 
prominent. Upper surface gently convex. Frons with 
a short, straight sulcus on either side just behind 
the clypeal suture. Neck wide. Clypeus bisetose, 
setae elongate. Labrum slightly concave at apex, 
6-setose. Mentum with short, obtuse tooth. Subapical 
palpomere of both palpi compact and with elongate 
pilosity, apical palpomere elongate. Antenna short, 
median antennomeres globose, c. 1.15 x as long as 
wide. Two supraorbital setae present. Frons with an 
elongate seta at either side, and with an additional 
seta inside of the supraorbital setae. Surface sparsely 
punctate and pilose, pilosity fairly elongate, inclined 
slightly anteriad, only laterally slightly denser. 
Microreticulation rather superficial, in middle more 
than laterally, consisting of large, isodiametric to 
slightly transverse meshes, surface glossy. 

Prothorax (Figure 14): Rather damaged, broken in 
middle, therefore measurements only approximated. 
Considerably wider than long, somewhat cordiform, 
widest at apical fourth. Apical margin slightly concave, 
apical angle slightly produced; lateral margin convex, 
immediately in front of the angulate basal angle 
straight. Base rather narrow, considerably narrower 
than apex, slightly convex. Apex and middle of base 
not margined, lateral margin comparatively wide, 
barely widened basad. Disk rather depressed. Median 
line not visible, because pronotum broken in middle. 
Both transverse sulci faint, the anterior one barely 
impressed, the posterior sulcus slightly deeper. Basal 
grooves shallow, about circular. Anterior marginal 
seta situated slightly in front of apical fourth, posterior 
seta located near basal angle, both setae elongate. 
Surface with rather sparse, coarse punctures and with 
fairly elongate, almost erect pilosity. Microreticulation 
distinct though in middle very weak, consisting of 
large, isodiametric to slightly transverse meshes, 
surface glossy. 
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Elytra (Figure 14): Rather narrow and elongate, 
almost parallel sided, disk comparatively convex, 
widest about in middle. Humerus obtusely angulate, 
base transversal. Lateral margin very slightly convex, 
pilose, margin in basal half rather coarsely denticulate. 
Apex convex. No striae perceptible. Discal sulcus 
absent. Surface sparsely punctate, microreticulation 
distinct, consisting of very large, isodiametric meshes, 
surface with sparse, elongate, almost erect pilosity, 
rather glossy. Discal punctures not perceptible within 
the coarse microreticulation, because setae are broken. 
Marginal setae very elongate. Metathoracic wings 
absent. 

Lower surface : Sparsely punctate and pilose, 
abdomen with distinct though slightly superficial 
microreticulation that consists of large, isodiametric 
meshes. Metepisternum rather short, c. 1.25 x longer 
than wide at apex. Terminal sternum in female 
quadrisetose. 

Legs'. Short, densely pilose. Male protarsus unknown. 
Male genitalia'. Unknown. 

Female gonocoxites : Not dissected. 

Variation: Unknown. 

COLLECTING CIRCUMSTANCES 

The holotype was collected by scraping at an 
unknown depth from a drill hole 58 m deep. 

DISTRIBUTION 

Near Tom Price, central Pilbara, north-western 
Western Australia, known only from type locality. 

RELATIONSHIPS 

In shape of elytra this species is most similar to 
H. scanloni sp. nov. but the relationships are uncertain. 

ETYMOLOGY 

The name refers to the wide pronotum. 

Hesperanillus bicostatus sp. nov. 

Figures 15, 27 

urn:lsid:zoobank.org:act:A0CDDA4B-0B8A-438A-9061- 

8D655E03211C 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: $, Mining Area C, 
c. 95 km WNW. Newman 22°55'49.80"S 118°56'33.90"E 
(WGS 84) 12 Jan. 2008-13 Mar. 2008 J.S. Cocking, 
M.D. Scanlon (GD0031R) Trog trap / BINSECT0018 
(WAM E84013). 


DIAGNOSIS 

Moderately large, rather wide, depressed, pale red 
species with cordiform pronotum and wide, reversely 
oviform elytra; distinguished from other species by 
shape of pronotum and elytra, and the presence of elytral 
ridges. 

DESCRIPTION 

Measurements'. Length: 1.76 mm; width: 0.60 mm. 
Ratio width/length of pronotum: 1.20; width of base/ 
width of apex of pronotum: 0.88; ratio length/width of 
elytra: 1.65; ratio length/width of 10th antennomere: 
1.15. 

Colour. Upper and lower surfaces pale red, palpi, 
antenna, and legs yellow. 

Head (Figure 15): Large, barely narrower than 
pronotum, wide, laterally convex. Eye area markedly 
prominent. Upper surface gently convex. Frons with 
a conspicuous, fairly elongate, oblique and curved 
sulcus on either side just behind the clypeal suture. 
Neck wide. Clypeus bisetose, setae elongate. Labrum 
slightly concave at apex, 6-setose. Subapical palpomere 
of both palpi compact and with elongate pilosity, apical 
palpomere moderately elongate. Antenna short, median 
antennomeres globose, c. 1.15 x as long as wide. Two 
supraorbital setae present. Frons with an elongate seta 
at either side. Surface sparsely punctate and pilose, 
pilosity fairly elongate, inclined slightly anteriad, only 
laterally slightly denser. Microreticulation weak, in 
middle almost absent, surface glossy. 

Prothorax (Figure 15): Much wider than long, 
markedly cordiform, widest at apical forth. Apical 
margin almost straight, apical angle very slightly 
produced; lateral margin near apex convex, then almost 
straight to faintly concave, in front of the dentiform 
basal angle with slight incision. Base rather narrow, 
considerably narrower than apex, in middle produced, 
near basal angle excised. Apex and middle of base not 
margined, lateral margin comparatively wide, barely 
widened basad. Disk rather depressed. Median line 
fine, slightly impressed, ending far from apex and 
base. Anterior transverse sulcus barely recognisable, 
posterior sulcus oblique, deep, interrupted in middle. 
Basal grooves rather deep, about linear. Anterior 
marginal seta situated at apical fifth, posterior seta 
located slightly in front of basal angle, both setae 
elongate. Surface with sparse, fine punctures and 
with sparse, fairly elongate, almost erect pilosity. 
Microreticulation only distinct near base, consisting of 
large, isodiametric meshes, surface glossy. 

Elytra (Figure 15): Wide and reversely ovoid, 
widest about in middle, disk moderately depressed. 
Humerus rounded, base almost transversal. Lateral 
margin almost completely convex, pilose, in basal 
half coarsely denticulate. Apex convex, very slightly 
incurved. No striae perceptible. Disk in middle with 
a straight, shallow ridge, inside of the ridges disk 
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depressed. No distinct discal sulcus present. Surface 
with sparse, elongate, almost erect pilosity, punctation 
very fine, barely perceptible. Microreticulation distinct, 
consisting of large, isodiametric meshes. One discal 
puncture near apex hardly perceptible within the strong 
microreticulation, because setae are broken. Marginal 
setae very elongate. Metathoracic wings absent. 

Lower surface : Sparsely but rather coarsely punctate, 
sparsely pilose, abdomen with perceptible but rather 
superficial microreticulation only laterally and at 
base. Metepisternum fairly short, c. 1.25 x as long as 
wide at apex. Terminal sternum in female apparently 
quadrisetose. 

Legs'. Relatively elongate, densely pilose. Male 
protarsus unknown. 

Male genitalia : Unknown. 

Female gonocoxites (Figure 27): Gonocoxite 
1 compact, without setae at the apical margin. 
Gonocoxite 2 moderately elongate, slightly curved, 
with acute apex, apparently without any ensiform 
setae, but with an elongate nematiform seta in upper 
third of the dorso-median surface that originates in a 
pit. 

Variation: Unknown. 

COLLECTING CIRCUMSTANCES 

The holotype was collected in a troglofauna trap set at 
unknown depth in a 66 m deep drill hole. 

DISTRIBUTION 

North-west of Newman, central Pilbara, north-western 
Western Australia, known only from type locality. 

RELATIONSHIPS 

This species differs in some character states from 
the other, rather similarly shaped species of the genus, 
namely in the shorter, ovoid elytra, and the presence of 
longitudinal elytral ridges. 

ETYMOLOGY 

The name refers to the presence of a longitudinal ridge 
on either elytron. 

Hesperanillus sp. indet. 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: $ (?), East Pit, c. 45 km 
S. Pannawonica 22°00'25.2"S 116°31'24.0 ,, E (WGS 84) 
22 Jul. 2012 G.B. Pearson, S.R. Bennett (BH138) Scrape 
13 m / BENN051 (WAM E84040). 

NOTES 

Because the single specimen is rather damaged 
(without head, only parts of the prothorax are 


preserved), it is not formally described, although it 
seems to represent another new species, according to 
shape and structure of elytra and pronotum. 

The sample also contains a larva that likely could 
belong to this species. However, I prefer not to describe 
the larva, until both specimens have been barcoded to 
confirm or deny whether they are conspecific. 

DIAGNOSIS 

Small, narrow and elongate, depressed, flavous 
species with slightly cordiform pronotum and narrow 
and elongate, almost parallel-sided elytra; distinguished 
from other species by less cordiform pronotum with 
probably wider base and by longer elytra. 

DESCRIPTION 

Measurements (head lost, prothorax damaged): 
Length: c. 1.35 mm; width: 0.40 mm. Ratio width/ 
length of pronotum: ?; width of base/width of apex of 
pronotum: ?; ratio length/width of elytra: 2.02; ratio 
length/width of 10th antennomere: ?. 

Colour. Upper and lower surfaces pale red, palpi, 
antenna, and legs yellow. 

Head : Lost. 

Prothorax : Very much damaged, only part of the 
left half preserved. Slightly cordiform, widest at apical 
fourth. Lateral margin gently convex, immediately in 
front of the angulate basal angle slightly concave. Base 
moderately wide, probably slightly narrower than apex, 
rather convex. 

Elytra : Narrow and elongate, almost parallel sided, 
disk comparatively convex, widest about in middle. 
Humerus rounded, base slightly oblique. Lateral 
margin in middle almost straight, pilose, margin in 
anterior two thirds rather coarsely denticulate. Apex 
convex. No striae perceptible. Discal sulcus absent. 
Surface sparsely punctate, microreticulation distinct, 
consisting of very large, isodiametric meshes, surface 
with sparse, elongate, almost erect pilosity, rather glossy. 
No discal punctures perceptible within the coarse 
microreticulation, because setae are broken. Marginal 
setae, when present, very elongate. Metathoracic wings 
absent. 

Lower surface : Sparsely punctate and pilose, 
abdomen with distinct though somewhat superficial 
microreticulation that consists of large, isodiametric 
meshes. Metepisternum moderately elongate, c. 1.3 x as 
long as wide at apex. Setosity of terminal sternum not 
perceptible. 

Legs'. Short, densely pilose. Male protarsus unknown. 

Male genitalia'. Unknown. 

Female gonocoxites'. Unknown. 

Variation: Unknown. 

COLLECTING CIRCUMSTANCES 

The specimen was collected by scraping from an 
unknown depth of <17 m. 
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DISTRIBUTION 

Near Pannawonica, western Pilbara, north-western 
Western Australia, known only from a single locality. 

RELATIONSHIPS 

This species is tentatively included in the genus 
Hesperanillus, mainly because of absence of the elytral 
sulcus and of the gently cordiform pronotum. However, 
its relationships remain unresolved until additional, 
complete specimens are available. 


Genus Externanillus gen. nov. 

urn:lsid:zoobank.org:act:6B26CBFA-F1C2-4B94-9473- 

A9B5EE883663 

TYPE SPECIES 

Externanillus mcraeae sp. nov., by monotypy. 

DIAGNOSIS 

Body size small. Colour depigmented, yellow. Surface 
with inconspicuous, isodiametric to slightly transverse 
microreticulation, elytra with coarse microreticulation, 
surface rather sparsely pubescent. 

Head moderately large, considerably narrower than 
pronotum. Eye absent, head laterally convex, but eye 
area not prominent. Mandibles short. Maxillary palpus 
short, preapical palpomere globose, with sparse but 
elongate pilosity; labial palpus small; apical palpomere 
of labial palpus elongate. Labium transverse. Mentum 
not fused to submentum, mental tooth present though 
faint. Two supraorbital seta and one clypeal seta present, 
also one seta on frons. Antenna short, globose. 

Pronotum rather narrow, gently cordiform, lateral 
margin evenly convex; base narrow as compared with 
apex. Apical angle barely produced, basal angle oblique 
but with an extremely faint denticle. Margin bisetose. 

Elytra elongate, gently oval-shaped, narrowed basad. 
Humerus widely rounded, base slightly oblique. Lateral 
margin gently but evenly convex, apex rounded, not 
emarginate nor transverse. Surface depressed, striae 
absent, without discal sulcus. Lateral margin only finely 
denticulate, pilose; scutellary puncture present but 
difficult to detect within the coarse microreticulation; 
one discal puncture present but barely discernible. 
Microreticulation distinct and coarse, isodiametric 
to slightly transverse. Punctation fine. Surface rather 
sparsely pilose. 

Metathoracic wings absent. 

Legs short, profemur not dentate. Male protarsus 
unknown. 

Lower surface microreticulate and sparsely pilose. 

Aedeagus unknown. 

Gonocoxite 2 elongate, markedly curved, acute, 
without ensiform setae, with an extremely elongate 
subapical nematiform seta. 


DISTRIBUTION 

The single species occurs in the Yilgarn region, inland 
southern Western Australia. The holotype was sampled 
in a troglofauna trap set at 50 m. Nothing is known 
about habits, diet, and reproduction. 

RELATIONSHIPS 

Externanillus is similar to the eastern genera 
Austranillus, Tasmanillus, and Pseudillaphanus in the 
absence of the elytral sulcus, but it is distinguished from 
all of these genera by the elongate and/or differently 
shaped elytra and narrower pronotum. In certain 
characters of body shape, except for shape of head, 
it matches the similarly Western Australian genus 
Hesperanillus, to which it is likely to be most closely 
related. 

ETYMOLOGY 

The name refers to the occurrence of this species 
outside the Pilbara. 

Externanillus mcraeae sp. nov. 

Figures 16, 28 

urn:lsid:zoobank.org:act:7473FCCC-9ACC-4975-9D30- 

7D44C177BEB3 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: <$, Carina Extension, 
c. 62 km NE. Koolyanobbing 30°26’07.50"S 
119°58'41.50"E (WGS 84) 04 Aug. 2010 . 21 Sep. 2010 
J.M. McRae, J.S. Cocking (CXRC0017) Trog trap, 50 m / 
BINSECT0030 (WAM E84037). 

DIAGNOSIS 

Small, rather narrow, depressed, flavous species with 
slightly cordiform pronotum and narrow, slightly oval¬ 
shaped elytra with rounded humerus. 

DESCRIPTION 

Measurements (specimen slightly damaged): Length: 
1.35 mm; width: 0.42 mm. Ratio width/length of 
pronotum: 1.05; width of base/width of apex of 
pronotum: 0.85; ratio length/width of elytra: 1.82; ratio 
length/width of 10th antennomere: 1.1. 

Colour. Upper and lower surfaces, and palpi, antenna, 
and legs pale yellow. 

Head (Figure 16): Moderately large, perceptible 
narrower than pronotum, laterally convex. Eye are little 
produced laterad. Upper surface gently convex. Frons 
with a short, straight sulcus on either side just behind 
the clypeal suture. Neck wide. Clypeus bisetose, setae 
elongate. Labrum slightly concave at apex, 6-setose. 
Mentum with short, obtuse tooth. Subapical palpomere 
of both palpi compact and with elongate pilosity, apical 
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palpomere of labial palpus elongate, of maxillary palpi 
broken. Antenna short, median antennomeres globose, 
c. 1.1 x as long as wide. Two supraorbital setae present. 
Frons with an elongate seta at either side. Surface 
sparsely punctate and pilose, pilosity fairly elongate, 
inclined slightly anteriad, only laterally slightly denser. 
Microreticulation superficial, in middle more than 
laterally, consisting of large, isodiametric to slightly 
transverse meshes, surface glossy. 

Prothorax (Figure 16): Little wider than long, 
cordiform, widest slightly in front of apical third. 
Apical margin almost straight, apical angle barely 
produced; lateral margin convex, immediately in 
front of the faintly dentiform basal angle very shortly 
excised. Base rather narrow, considerably narrower 
than apex, in middle almost straight, laterally oblique. 
Apex and middle of base not margined, lateral margin 
comparatively wide, barely widened basad. Disk 
rather depressed. Median line distinct, elongate. Both 
transverse sulci faint, the anterior one barely impressed, 
the posterior one slightly deeper. Basal grooves shallow, 
about circular. Anterior marginal seta situated slightly 
in front of apical third, posterior seta located near basal 
angle, both setae elongate. Surface with rather sparse, 
coarse punctures and with fairly elongate, almost erect 
pilosity. Microreticulation only near base distinct, 
consisting of large, isodiametric to slightly transverse 
meshes, surface glossy. 

Elytra (Figure 16): Rather narrow and elongate, not 
parallel sided but gently ovoid, disk rather depressed, 
widest about in middle. Humerus widely rounded, 
base slightly oblique. Lateral margin gently convex 
throughout, pilose, margin in basal half faintly 
denticulate. Apex convex. No striae perceptible. Discal 
sulcus absent. Punctation of surface not perceptible 
within the distinct microreticulation that consists of 
very large, isodiametric meshes; surface with sparse, 
elongate, almost erect pilosity, rather glossy. One discal 
puncture present at apical fourth, but punctures barely 
perceptible within the coarse microreticulation, when 
setae are broken. Marginal setae, when present, very 
elongate. Metathoracic wings absent. 

Lower surface : Sparsely punctate and pilose, abdomen 
with rather superficial microreticulation that consists of 
large, isodiametric meshes. Metepisternum rather short, 
c. 1.25 x as long as wide at apex. Terminal sternum in 
female quadrisetose. 

Legs'. Short, densely pilose. Male protarsus unknown. 

Male genitalia'. Unknown. 

Female gonocoxites (Figure 28): Gonocoxite 1 
compact, without setae at the apical margin. Gonocoxite 
2 rather compact, very curved, with acute apex, 
apparently without any ensiform setae, but with a 
remarkably stout and very elongate nematiform seta in 
upper third of the dorso-median surface that originates 
in a pit. 

Variation: Unknown. 


COLLECTING CIRCUMSTANCES 

The holotype was collected in a troglofauna trap set at 
50 m. 

DISTRIBUTION 

Near Koolyanobbing, inland southern Western 
Australia, known only from type locality. 

ETYMOLOGY 

The name is a patronym in honour of Jane McRae, one 
of the collectors. 

Genus Angustanillus gen. nov. 

urn:lsid:zoobank.org:act:ECED5CE7-CE6B-4A6B-972C- 

7BF7EB48BEF6 

TYPE SPECIES 

Angustanillus striatipennis sp. nov., by monotypy. 

DIAGNOSIS 

Body size large (in group). Colour depigmented, pale 
red. Surface with very coarse, isodiametric to slightly 
transverse microreticulation, pronotum also with sparse 
but very coarse punctation, surface rather sparsely 
pubescent. 

Head large, slightly narrower than pronotum. 
Eye wanting, head laterally convex. Mandibles 
short. Maxillary palpus short, preapical palpomere 
globose, densely pilose, apical palpomere tiny, barely 
recognisable. Labial palpus small, labium transverse. 
Mentum not fused to submentum, mental tooth absent. 
One supraorbital seta and one clypeal seta present, also 
one seta on frons and another inside the position of the 
not visible posterior supraorbital seta. Antenna very 
short, globose. 

Pronotum narrow and elongate, almost parallel-sided, 
with rather wide basis. Apical angle slightly produced, 
basal angle angulate. Lateral margin faintly denticulate 
just in front of the basal angle. Margin probably bisetose. 

Elytra extremely narrow and elongate, absolutely 
parallel-sided. Humerus almost rectangular. Lateral 
margin straight, apex oblique, not emarginate. Surface 
in middle depressed, laterally sloping down; four 
internal striae well visible, without discal sulcus. 
Lateral margin finely serrulate and pilose; scutellary 
puncture present but difficult to detect within the coarse 
micro structure; 2 discal punctures present but barely 
discernible. Microreticulation very coarse, almost 
isodiametric. Surface rather sparsely pilose. 
Metathoracic wings absent. 

Legs short, profemur not dentate. 

Lower surface coarsely microreticulate and sparsely 
pilose. 

Aedeagus unknown. 

Gonocoxites unknown. 
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DISTRIBUTION 

A single species recorded from the western 
Pilbara, north-western Western Australia. Sampled 
by ‘Troglofauna trap scrape’ without indication of 
depth. Nothing else is known about habits, diet, and 
reproduction. 

RELATIONSHIPS 

This genus differs in important character states from 
all other species described in the present paper: namely 
extremely narrow and elongate body shape, presence of 
four distinct elytral striae, very coarse microreticulation 
of the whole surface, and coarse punctation of the 
pronotum. 

ETYMOLOGY 

The name refers to the very narrow and elongate body 
shape. 

Angustanillus striatipennis sp. nov. 

Figure 17 

urn:lsid:zoobank.org:act:E55927FC-6CE4-4AAB-8FA6- 

89A226DD03B5 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: $, Mesa A, 60 km W 
of Pannawonica 21°40'37.099"S 115°15’53.794"E (GPS 
WGS 84) 20 October 2013, P. Brooshooft, M. Greenham 
Biota: MEARC5070-01, n=l Troglofauna trap scrape 
(WAM E88545). 

DIAGNOSIS 

Large, extremely narrow and elongate, depressed, 
pale rufous species with rather quadrate pronotum and 
absolutely parallel-sided elytra; elytral sulcus absent, but 
four striae present and distinct. 

DESCRIPTION 

Measurements : Length: 2.4 mm; width: 0.55 mm. 
Ratio width/length of pronotum: 0.86; width of base/ 
width of apex of pronotum: 0.89; ratio length/width of 
elytra: 2.23; ratio length/width of 10th antennomere: 1.0. 

Colour. Upper and lower surfaces pale red, palpi, 
antenna, and legs yellow. 

Head (Figure 17): Very slightly narrower than 
pronotum, comparatively wide, laterally convex. Upper 
surface gently convex. Frons with an inconspicuous, 
oblique and curved sulcus on either side just behind 
the clypeal suture. Neck wide. Clypeus bisetose, setae 
elongate. Labrum straight at apex, probably 6-setose but 
only the lateral seta preserved. Subapical palpomere of 
maxillary palpus relatively narrow, apical palpomere 
tiny, barely perceptible. Antenna very short, median 
antennomeres globose, c. as wide as long. Frons with an 
elongate seta at either side, the anterior supraorbital seta 


present, the posterior one apparently absent, but with a 
seta inside of position of eye far back and removed to 
middle. Surface very sparsely pilose, pilosity short and 
inclined slightly anteriad, only laterally pilosity slightly 
denser. Microreticulation distinct and very coarse, about 
isodiametric. 

Prothorax (Figure 17): Elongate, distinctly longer 
than wide, almost parallel-sided, widest at apical third. 
Apical margin slightly concave, apical angle slightly 
produced; lateral margin apart from apical fourth 
very gently convex to almost straight and slightly 
oblique, immediately in front of the almost rectangular, 
extremely faintly denticulate basal angle with a short, 
obtuse protuberance. Base wide, slightly narrower than 
apex, slightly convex. Apex and base not margined, 
lateral margin very faintly serrulate; lateral marginal 
sulcus extremely narrow, not widened basad. Disk rather 
depressed. Median line fine, slightly impressed, ending 
far from apex and base. Anterior transverse sulcus 
absent, posterior sulcus visible but faint. Basal grooves 
barely indicated. Anterior marginal seta situated about at 
apical fourth, seta elongate; posterior marginal seta not 
preserved. Surface with sparse, fairly elongate, almost 
erect pilosity. Microreticulation distinct and coarse, 
almost isodiametric, surface with sparse, large and deep 
punctures. 

Elytra (Figure 17): Extremely narrow and elongate, 
exactly parallel-sided, only near middle very faintly 
concave; disk in middle gently convex, laterally with an 
obtuse ridge so that the lateral fourth is sloping down. 
Humerus almost rectangular, base very slightly oblique. 
Lateral margin finely denticulate, sparsely pilose. Apex 
oblique-convex. Four median striae well perceptible, 
with large but shallow, inconspicuous punctures. 
Virtually no discal sulcus perceptible. Surface with 
very coarse, about isodiametric microreticulation, with 
comparatively sparse, almost erect pilosity. Scutelly 
puncture not perceptible, because setae broken. Disk 
with two discal punctures at basal fifth and apical 
fourth, but, as setae not preserved, punctures barely 
perceptible within the coarse microreticulation and the 
punctation. Marginal setae very elongate. Metathoracic 
wings absent. 

Lower surface : Coarsely microreticulate, sparsely 
pilose. Metepisternum elongate, >1.5 x as long as wide at 
apex. Setosity of terminal sternum not perceptible. 

Legs. Rather short, densely pilose. Anterior leg 
lacking on both sides. 

Male genitalia. Unknown. 

Female gonocoxites: Not dissected, apparently partly 
destroyed. 

Variation: Unknown. 

COLLECTING CIRCUMSTANCES 

The holotype was sampled by ‘Troglofauna trap 
scrape’ but without indication of depth, as noted under 
‘Collecting method’. 
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DISTRIBUTION 

Near Pannawonica, western Pilbara, north-western 
Western Australia, known only from type locality. 

ETYMOLOGY 

The name refers to the presence of several distinct 
elytral striae. 

KEYTOTHE SPECIES OF MACRANILLUS 
GEN NOV. 

1. Body size larger, length >2.8 mm; aedeagus see 

Figure 20. M. magnus sp. nov. 

Body size smaller, length <2.5 mm.2 

2. Lateral margin of pronotum in basal half perceptibly 

concave, base narrower, ratio base/apex <1.07 

(Figure 5); aedeagus see Figure 21. 

. M. quartermaini sp. nov. 

Lateral margin of pronotum in basal half convex, 
base wider, ratio base/apex >1.10 (Figures 1-3) 
.3 

3. Base of pronotum relatively narrow as compared 

with apex, ratio base/apex <1.14; either elytra 
longer, ratio length/width >1.80, or shorter, ratio 
1/w <1.70 (Figures 2-3).4 

Base of pronotum relatively wide as compared with 
apex, ratio base/apex >1.19; elytra medium sized, 
ratio length/width 1.73-1.77 (Figure 1); aedeagus 
see Figure 18. M. bennetti sp. nov. 

4. Elytra shorter, ratio length/width <1.70; lateral 

margin of pronotum basad more convex 

(Figure 2); aedeagus see Figure 19. 

. M. pearsoni sp. nov. 

Elytra longer, ratio length/width >1.80, lateral 
margin of pronotum basad less convex (Figure 3); 
aedeagus unknown. M. maini sp. nov. 


KEYTOTHE SPECIES OF GRA Cl LAN ILL US 
GEN NOV. 

1. Body size smaller, length <1.20 mm, aedeagus 

unknown.2 

Body size larger, length >1.40 mm .3 

2. Elytra longer and narrower, ratio length/width 

2.04; pronotum wider, ratio w/1 1.11, with wider 
base, ratio base/apex 0.96, near base not sinuate 
(Figure 8). G. minutus, sp. nov. 


Elytra shorter and wider, ratio length/width 1.95; 
pronotum narrower, ratio w/1 1.02, with narrower 
base, ratio base/apex 0.79, near base sinuate 
(Figure 12). G. cordatus, sp. nov. 

3. Elytra very narrow and elongate, ratio length/ 

width >2.13; body size slightly smaller, length 
<1.50 mm; pronotum not sinuate in basal half 
(Figures 7, 9-10); aedeagus unknown.4 

Elytra slightly wider and shorter, ratio length/width 
2.08; body size slightly larger, length 1.58 mm; 
pronotum faintly sinuate in basal half (Figure 11); 
aedeagus see Figure 23. G. cockingi sp. nov. 

4. Pronotum wider, ratio length/width 1.14, very shortly 

excised immediately in front of base (Figure 9) 
. G. currani sp. nov. 

Pronotum narrower, ratio length/width <1.0; not 
excised in front of base (Figures 7, 10).5 

5. Base of pronotum relatively wider, ratio base/apex 

0.98, basal angle almost rectangular; elytral 
sulcus faint and only in basal third perceptible 
(Figure 10). G. vixsulcatus sp. nov. 

Base of pronotum relatively narrower, ratio base/ 
apex 0.88; basal angle obtuse; elytral sulcus 

distinct and complete (Figure 7). 

. G. longulus sp. nov. 


KEYTOTHE SPECIES OF HESPERANILLUS 
GEN NOV 

1. Body size larger, length >1.75 mm; pronotum 

narrower, ratio width/length <1.20; lateral 
margin of pronotum near base distinctly excised 
(Figures 13, 15).2 

Body size smaller, length <1.50 mm; pronotum 
wider, ratio width/length c. 1.32; lateral margin 
of pronotum near base barely excised (Figure 14); 
aedeagus unknown. H. laticollis sp. nov. 

2. Elytra longer and narrower, ratio length/width 1.84, 

almost parallel-sided, without longitudinal ridges; 
lateral margin of pronotum deeply excised near 

base (Figure 13); aedeagus see Figure 24. 

. H. scanloni sp. nov. 

Elytra shorter and wider, ratio length/width 1.65, 
reversely oviform; surface with two distinct 
ridges; lateral margin of pronotum shortly and 
faintly excised near base (Figure 15); aedeagus 
unknown. H. bicostatus sp. nov. 
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FIGURES 1-17 Habitus. Body length in brackets. 1, Macranillus bennetti sp. nov. (2.3 mm); 2, M. pearsoni sp. nov. (2.3 
mm); 3, M. maini sp. nov. (2.2 mm); 4, M. magnus sp. nov. (2.8 mm); 5, M. quartermaini sp. nov. (2.1 
mm); 6, Pilbaranillus latibasis sp. nov. (2.45 mm); 7, Gracilanillus longulus sp. nov. (1.48 mm); 8, G. minutus 
sp. nov. (1.15 mm); 9, G. currani sp. nov. (1.40 mm); 10, G. vixsulcatus sp. nov. (1.48 mm); 11, G. cockingi 
sp. nov. (1.58 mm); 12, G. cordatussp. nov. (1.20 mm); 13, Hesperanillus scanloni sp. nov. (1.78 mm); 14, 
H. laticollis sp. nov. (1.50 mm); 15, H. bicostatus sp. nov. (1.76 mm); 16, Externanillus mcraeae sp. nov. 
(1.35 mm); 17, Angustanillus striatipennis sp. nov. (2.4 mm). 
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TABLE 1 


Macranillus 

bennetti 

pearsoni 

maini 

magnus 

quartermainei 

Pilbaranillus 

latibasis 

Gracilanillus 

longulus 

minutus 

currani 

vixsulcatus 

cockingi 

cordatus 

Hesperanillus 

scanloni 

laticollis 

bicostatus 

Externanillus 

mcraeae 

Angustanillus 

striatipennis 


Summary of measurements and ratios of the species of the genera Macranillus, Pilbaranillus, Gracilanillus, 
Hesperanillus, Externanillus and Angustanillus. N: number of specimens measured; L: body length in 
mm; W: width in mm; l/w pr: ratio length/width of pronotum; b/a pr: ratio width of base/width of apex of 
pronotum; l/w el: ratio length/width of elytra; 10th: ratio length/width of 10th antennomere. 


N 

L 

W 

l/w pr 

b/a pr 

l/w el 

10th 

5 

2.15-2.4 

0.72-0.84 

1.16-1.18 

1.19-1.21 

1.73-1.77 

1.25 

2 

2.25-2.3 

0.75-078 

1.15-1.17 

1.10-1.14 

1.65-1.70 

1.2 

2 

2.2-2.4 

0.75-0.80 

1.18-1.22 

1.12-1.14 

1.80-1.81 

1.2 

2 

2.8-2.85 

0.87-0.92 

1.08-1.09 

1.19-1.21 

1.77-1.78 

1.3 

4 

2.0-2.45 

0.69-0.82 

1.17-1.21 

1.05-1.07 

1.75-1.78 

1.2 

1 

2.45 

0.9 

1.02 

1.25 

1.64 

1.3 


1.48 

0.36 

0.97 

0.88 

2.14 

1.15 

1.15 

0.33 

1.11 

0.96 

2.04 

1.1 

1.40 

0.37 

1.14 

1.0 

2.13 

? 

1.48 

0.38 

0.97 

0.98 

2.15 

1.1 

1.58 

0.40 

0.98 

0.88 

2.08 

1.1 

1.20 

0.33 

1.02 

0.79 

1.95 

1.15 


1.78 

0.54 

1.18 

0.77 

1.84 

1.25 

c. 1.50 

0.40 

c. 1.32 

c. 0.78 

1.75 

1.15 

1.76 

0.60 

1.20 

0.88 

1.65 

1.15 


1.35 

0.42 

1.05 

0.85 

1.82 

1.1 

2.4 

0.55 

0.86 

0.89 

2.23 

1.0 
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FIGURES 18-24 Male genitalia: aedeagus, left side, lower surface, left and right parameres. 18, Macranillus bennetti sp. 

nov.; 19, M. pearsoni sp. nov.; 20, M. magnus sp. nov.; 21, M. quartermaini sp. nov.; 22, Pilbaranillus 
latibasis sp. nov.; 23, Gracilanillus cockingi sp. nov.; 24, Hesperanillus scanloni sp. nov. Scale bars: 0.1 
mm. 


25 


26 


27 






FIGURES 25-28 Female gonocoxites 1 and 2. 25, Macranillus magnus sp. nov.; 26, Gracilanillus vixsulcatus sp. nov.; 
27, Hesperanillus bicostatus sp. nov.; 28, Externanillus mcraeae sp. nov. Scale bars: 0.05 mm. 
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REMARKS 

The present sample of eyeless Anillina from Western 
Australia not only greatly enlarges the number of 
species, but also remarkably extends the recorded range 
of this subtribe in Australia. Moreover, in view of the 
restricted area where subterranean fauna sampling was 
employed, and the scattered localities within that area, 
the actual number of Anillina species within Western 
Australia, and probably other parts of Australia, is likely 
to be high. Demonstrating this richness will require 
more systematic and widespread subterranean sampling. 
The record from near Norseman in the southern Yilgarn, 
for example, demonstrates that the range of hypogean 
Anillina is not restricted to the Pilbara. 

All species of Anillina known to date from Western 
Australia are considered to be hypogean, i.e. they have 
been sampled from more or less deep bores in the 
ground. That is in contrast to all eastern Australian 
species that have been collected in leaf litter and the 
uppermost ground stratum. The occurrence deep in 
the earth, for some species at a depth of up to 60 m, is 
unique to Anillini. However, the absence of such records 
from other parts of the world may be due to the fact that 
trapping and scraping of deep drill holes is a technique 
very rarely used outside Western Australia. 

With respect to the composition of Anillina species 
in samples collected in Western Australia, the large 
species of Macranillus tend to be more numerous in 
samples, whereas the small species of Gracilanillus, 
Hesperanillus, Externanillus , and Angustanillus were 
nearly always represented by a single specimen in a 
sample. Based on current knowledge, it is uncertain 
whether this is due to greater abundance of the larger 
species or to some artefact of sampling. What is clear 
is that a rich subterranean anilline fauna occurs in the 
Pilbara, with apparently very restricted ranges of all 
species. No species was collected at localities more 
than 2 km apart and they represent extreme short range 
endemics (sensu Harvey 2002). 

Of the three new genera for which more than a single 
species has been found, the five species of Macranillus 
are remarkably homogenous in body shape and 
structure, and they differ only in body size and relative 
length or width of the prothorax and elytra. The male 
genitalia likewise are quite similar. Most peculiar are M. 
magnus by virtue of its large size and M. quartermainei 
in view of its slightly cordiform prothorax. The single 
species of Pilbaranillus has a similar body size to 
Macranillus but it lacks the elytral sulcus; in addition, 
the shape of the elytra, particularly the rounded 
humerus, and shape of the aedeagus are quite different. 

The single species of Angustanillus likewise is 
large, but is unique in its very distinct striation of 
the elytra, which is very uncommon in Anillina 
generally. However, it matches particularly the species 
of Gracilanillus in its extremely narrow and elongate 
elytra. 


Most species of Gracilanillus are quite homogenous in 
body shape and structure, only G. cordatus differs in its 
slightly cordiform prothorax, and G. vixsulcatus differs 
in its barely perceptible elytral sulcus. However, the 
elytral sulcus is very weak in all species of Gracilanillus 
and is fairly difficult to detect in some other species as 
well. 

The species of Hesperanillus are morphologically 
much more diverse. However, they have in common 
the remarkably protruded eye area which is unique 
for this genus. Whereas H. scanloni and H. laticollis 
are reasonably similar in body shape, H. bicostatus is 
distinguished by its short, wide, and bicarinate elytra. 
Therefore Hesperanillus is a genus of convenience 
and may be revised in the future, after the possible 
discovery of additional species, new characters, and new 
relationships. 

The single species of Externanillus is probably 
most closely related to Hesperanillus but differs in its 
smaller head with far less developed eye area, narrower 
prothorax, and more oval-shaped elytra. 

Compared with the genera recorded from estern 
Australia, most western genera and species are quite 
differently shaped and structured. The Anillina 
currently known from Australia can be roughly divided 
into genera that possess a longitudinal elytral sulcus, 
and those that lack this sulcus. Of genera known prior 
to this paper, only Illaphanus possesses the sulcus; 
the three others, Pseudillaphanus, Austranillus, and 
Tasmanillus lack it. Of the new western genera two, 
namely Macranillus and Gracilanillus, possess the 
sulcus, Pilbaranillus, Hesperanillus, Externanillus, 
and Angustanillus do not. However, in body shape, 
particularly in shape of the prothorax and elytra, 
Macranillus and Gracilanillus differ markedly from 
Illaphanus. 

In its wide pronotum Pilbaranillus is fairly similar 
to the eastern genus Austranillus that is known from 
a single specimen from southern New South Wales. 
The former is much smaller, has differently shaped and 
structured elytra, and the chetotaxy of the head and 
elytra is also different. Hesperanillus differs from all 
eastern genera that lack the elytral sulcus in different 
ways, e.g. in the shape of the prothorax, shape of elytra, 
and the very large head with the remarkably prominent 
eye area. While Giachino (2005) considers presence of 
the elytral sulcus to be an apomorphic character state, 
in view of the weak development of the sulcus in certain 
otherwise very similar species of Gracilanillus, this 
character may be of less phylogenetic value than first 
thought. 

In conclusion, even though the relationships between 
the western genera still remain obscure, mainly due to 
the uncertain phylogenetic value of presence, or absence, 
of the elytral sulcus, it seems that the western genera 
form a group of species that are more strongly related to 
each other, than to any of the eastern genera. 
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A further difference between most eastern and 
western genera is the narrow and elongate body shape 
of almost all western species, in contrast to the short and 
ovoid shape of the elytra and the markedly cordiform 
prothorax of all eastern species except the single species 
of Austranillus. It may be speculated that the parallel¬ 
sided shape of so many western species represents an 
adaptation to the life deep in the ground, in narrow 
fissures between the thin layers of stratified sandstone 
which is widely distributed throughout the Pilbara. The 
value of such a slender shape for hypogean habits still 
has to be verified. 

Giachino (2005) presented some thoughts about 
phylogeny and biogeography of the Australian Anillina 
and pointed out the long history of Anillina in eastern 
Australia. According to Giachino, in Australia Anillina 
were present at least in pre-Tertiary time, probably 
since 85 MY, because they were also recorded from 
Norfolk and Lord Howe Islands. Anillina in general 
are regarded as a ‘Gondwanan’ faunal element (Jeannel 
1963, Giachino 2004) that probably originated before 
the separation of India from the Gondwanan continent. 
Therefore the presence of a rather rich Anilline fauna 
in Australia is not too surprising. However, no one has 
previously questioned why Anillina apparently occur 
only in eastern Australia and in rather wet, well forested 
areas. This was probably because Anillina were thought 
to occur only in ground litter and thus can be adequately 
sampled by sieving litter, principally in forested areas. 
As a consequence, they were not looked for in the 
vast semiarid and arid regions of central and western 
Australia. Using drill holes to sample subterranean 
habitats has not only changed and improved our 
knowledge of the habitats of Australian Anillina but has 
also demonstrated that the group is likely to occur across 
most of Australia. 

The occurrence of Anillina in Western Australia 
matches well their putative Gondwanan origin and 
history, because we know of other old Gondwanan 
faunal elements that are particularly numerous in 
semiarid Western Australia: in carabid beetles for 
example, the circumtropical genus Megacephala (sensu 
lato ) is far more numerous in Western Australia, in 
terms of species, than in the east. 
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ABSTRACT - Information on the distribution, larval food plants, habitat, behaviour, flight period 
and conservation status is reviewed for the following sun-moth (Castniidae) species which occur in 
Western Australia, arranged in order: Synemon sophia species group: Synemon catocaloides Walker 
1865, Synemon leucospila Meyrick 1891, Synemon maja Strand 1911, Synemon nupta Westwood 
1877, Synemon sophia White 1841, Synemon sp. 'Bob Hay', Synemon sp. nr. discalis, Synemon sp. 
'Leeman', Synemon sp. 'Mount Ragged', Synemon sp. 'Perth' (species group complex), Synemon sp. 
'Yarloop'. Synemon directa species group: Synemon directa Westwood 1877, Synemon sp. 'Victoria 
Rock'; Synemon magnifica species group: Synemon notha Westwood 1877, Synemon sp. 'Moirs Rock', 
Synemon sp. 'Mount Dale', Synemon sp. 'Ravensthorpe'. Synemon laeta species group: Synemon 
edwardsi Williams and Williams 2016, Synemon gratiosa Westwood 1877, Synemon jcaria R. Felder 1874. 
Synemon 'grass-feeding' species group: Synemon austera Meyrick 1891, Synemon brontias Meyrick 
1891, Synemon nais Klug 1850, Synemon obscurella Westwood 1877, Synemon phaeoptila Turner 1906, 
Synemon wulwulam Angel 1951, Synemon sp. 'Alan Graham', Synemon sp. 'Eradu' and Synemon 
sp. 'Roper River'. Their phylogeny, life cycles, threats faced, management implications and future 
conservation are discussed. 

KEYWORDS: Australia, phylogeny, species richness, flight-time triggers, hill-topping behaviour, fire- 
prone environment 


INTRODUCTION 

Sun-moths belong to the Castniidae, a family of very 
unusual diurnal moths. They look superficially like 
butterflies and, as their name implies, almost invariably 
fly in warm to hot sunny conditions. Like butterflies, 
they have clubbed antennae, and in many species the 
hind wing is brightly coloured although the forewings 
are dull and cryptically marked. The monophyly of 
Castniidae is well supported from molecular research 
but the systematic position of this family is unresolved 
(Kallies et al. 2016). This family in all probability had its 
origin in southern Gondwana, and today is represented 
in South and Central America and Australia, as well 


as south-east Asia (Edwards et al. 1999). In Australia, 
sun-moths are found predominantly across the temperate 
southern parts of the continent, but also occur in the 
inland semi-arid zone and tropical north. 

Compared with Australia’s well documented butterfly 
fauna (Braby 2000, 2004, 2016; Orr and Kitching 2010) 
the continent’s Castniidae are relatively poorly known. 
This is especially true for Western Australia, where 13 
of the 29 species recognised in this paper are yet to be 
formally described and which represent more than half 
of the approximately 45 Australian species of sun-moth 
(Edwards 1997). At present, E. D. Edwards’ (ANIC) 
Castniidae database and the Atlas of Living Australia 
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website are the only online inventories where data on the 
distribution of Australian sun-moths is readily available. 
Even here, information on many Western Australian 
sun-moth species is scant. 

This paper reviews the published information on 
the distribution, larval food plants, habitat, behaviour, 
flight periods and conservation status of the Western 
Australian sun-moths, and presents new data for 
many species. For each of the 29 species recorded, 
a set of colour photographs of specimens is given, 
together with maps of their distribution. The sun-moth 
illustrations are all presented at the same scale, so that 
the sizes of the different species can be compared. 
The data for each species includes lists of historical 
and previously unpublished records, and recent 
(2000-2016) records. A provisional determination 
of conservation status is given for each species. The 
correlation between the mouth parts of adult sun-moths 
(their ability to feed) and their flight times is discussed. 
The genetic relationships of some Western Australian 
sun-moth species is also discussed. 

METHODS 

The historical records have primarily been taken 
from E.D. Edwards’ (ANIC) Castniidae database 
and the Atlas of Living Australia website. For the 
most part, the new information presented in this 
paper was gathered between 2010 and 2013, when the 
Western Australian Department of Parks and Wildlife 
conducted surveys to determine the distribution and 
conservation status of the graceful sun-moth Synemon 
gratiosa (Bishop et al. 2010a,b; Gamblin et al. 2010; 
Williams M. et al. 2012). During this period, the 
distribution, food plants and habitat preferences of 
two closely allied species — the claret sun-moth, 
Synemon jcaria (Williams A. et al. 2012, Williams and 
Williams 2013a,b), and the recently described splendid 
sun-moth, Synemon edwardsi (Williams and Williams 
2013b, 2016a) — were also determined. Several other 
sun-moth species were studied opportunistically, 
primarily in the Wheatbelt, South-West and South 
Coast biogeographic regions (Figure 1). More recently, 
surveys have been extended eastwards to include the 
semi-arid Goldfields and the western portion of the 
Nullarbor Plain, and northwards into the Gascoyne, 
Pilbara and Kimberley (Figure 1). As a result, the 
Department now has a substantial sun-moth reference 
collection and a comprehensive database on the 
Western Australian Castniidae fauna (Williams and 
Williams 2016b). This collection will be lodged in the 
Western Australian Museum. Additional locality data 
or specimen photographs have been obtained from 
specimens held in the Western Australian Museum, 
the Australian National Insect Collection, the Northern 


Territory Museum, and the private collections of 
Dr. Axel Rallies, Mr. Paul Hutchinson, Mr. Magnus 
Peterson, Mr. Tony Tomlinson and Dr. Michael Braby. 

For each taxon, a provisional assessment of its 
conservation status is given. Specimen locality data 
has been used to map each taxon’s distribution and 
determine its occurrence within Western Australia’s 
conservation estate. Some species were found to 
have limited distributions, but were common and 
widespread where they occurred. Others had a wider 
distribution, but occurred only in small isolated 
colonies. These factors were taken into account when 
assessing conservation status. With the exception of 
S. gratiosa , which is already listed Federally as ‘near- 
threatened’ and as a ‘priority 4’ species under Western 
Australian State legislation, the conservation status of 
these Western Australian species is listed under one 
of the following three headings: (1) not threatened, 
(2) data deficient and (3) data deficient — possibly 
endangered. Reasons for allocating each conservation 
status are given. 

Nomenclature for the sun-moths follows the E.D. 
Edwards’ (ANIC) Castniidae database and includes 
the provisional identification name tags allocated by 
E.D. Edwards for species for which formal scientific 
names and descriptions are yet to be published. E.D. 
Edwards and A. Kallies are actively working on a 
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FIGURE 1 Map of Western Australia showing Major 
Biogeographic Regions and towns. (Source: 
Department of Parks and Wildlife, Science 
and Conservation Division) 
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monograph of the Australian sun-moths in which these 
undescribed species will be named. In this paper the 
Western Australian sun-moths are placed in the species 
groups recognised by E.D. Edwards in his taxonomic 
arrangement of the Australian Castniidae (unpublished 
list). Within each species group the species are listed in 
alphabetical order, with the described taxa listed first 
followed by the undescribed taxa. Phrase names are 
not to be interpreted as establishing new species as per 
Article 8.3 of the Code (ICZN 1999). Plant nomenclature 
and common names are those current (July 2015) in 
FloraBase , the Department of Parks and Wildlife’s 
online list of the Western Australian flora. Specimens 
listed under Historical Records are located in ANIC and 
those listed under Recent Records are located in WAM 
unless stated otherwise. 

ABBREVIATIONS 

The following abbreviations refer to institutional 
and private collections in which specimens referred 
to in this paper are located. Institutional collections: 
ANIC = CSIRO Australian National Insect Collection, 
Canberra; WAM = Western Australian Museum, Perth; 
NTM = Northern Territory Museum, Darwin; DAFC 
= Western Australian Department of Agriculture and 
Food Collection, Perth; QM = Queensland Museum, 
Brisbane; BMNH = British Museum of Natural History, 
London; HEC = Hope Entomological Collections, 
Oxford University Museum of Natural History, 
Oxford; MM = Macleay Museum, Sydney; UQ = 
University of Queensland Collection, now in QM; AM 
= Australian Museum, Sydney; MNHU = Museum fur 
Naturkunde, Berlin. Private collections: AKC = Axel 
Rallies Collection, Melbourne; PHC = Paul Hutchinson 
Collection, Perth; MPC = Magnus Peterson Collection, 
Perth; TTC = Tony Tomlinson Collection, Exmouth; 
MFBC = Michael Braby Collection, Canberra. Numbers 
with C-prefix refer to the WA Department of Parks and 
Wildlife Castniidae data base. 


FAMILY CASTNIIDAE 

Synemon sophia species group 

Synemon catocaloides Walker 1865 
(Western Red Sun-moth) 

Figure 2 

BRIEF DESCRIPTION 

Synemon catocaloides is the largest of the Western 
Australian spring flying sun-moths. In males the 
average wingspan is 45 mm, while the wingspan of 
some females may be 55 mm. In both sexes, the upper 
side of the forewing is dull grey, with variable blackish 
markings. Some individuals, particularly females from 
the semi-arid zone, also have quite extensive white 


markings. The base colour on the upper side of the 
hind wing is dull black, with very extensive bright red 
bands and markings. In both sexes, the underside of 
the forewing is brownish-black, with two prominent 
red bands. In females, the innermost of these bands is 
broader and extends across the wing. There are also 
extensive red markings on the underside of the hind 
wing. In specimens from the northern parts of the range, 
the colour on the upper side of the hind wing tends to be 
more orange; in those found further south, more scarlet. 

DISTRIBUTION 

Synemon catocaloides is endemic to Western Australia. 
It occurs across the central and northern Wheatbelt and 
into the adjacent semi-arid zone. It has been recorded 
as far north as Meadow Station, in the Gascoyne 
region (ANIC Castniidae database), and as far south as 
Durokoppin Nature Reserve. Inland, it has been found 
at Latham and at Buntine Nature Reserve near Wubin, at 
Sandford Rock Nature Reserve, at Karroun Hill Nature 
Reserve and and at Southern Cross (Figure 3). 

LARVAL FOOD PLANT 

The larval food plant is Tussocky Cord-rush, 
Ecdeiocolea monostachya F. Muell. The distribution 
of the sun-moth closely matches that of the larval food 
plant. 

HABITAT 

This sun-moth is found in a variety of woodland and 
shrubland habitats where its larval food plant is often 
dominant in the understory. 

BEHAVIOUR AND FLIGHT PERIOD 

At times the sun-moth may be locally abundant, 
particularly in areas where E. monostachya is common. 
The species is known for periodic mass emergences, 
presumably in response to favourable weather. Males 
search actively among the cord-rush plants for unmated 
females. Gravid females oviposit in sand at the base of 
these plants. Over most of its range, S. catocaloides flies 
in October. North of Kalbarri, however, adults have also 
been recorded in August and September. 

CONSERVATION STATUS 

Not threatened. This species is widespread, locally 
common, and well represented in the conservation estate. 
There are 28 historical and 13 recent records. 

HISTORICAL RECORDS 

Swan River, location and date not recorded, Mr 
Diggles collection in BMNH; Cunderdin, 31° 39' 00" S, 
117° 14' 00" E, 23 Oct 1913, R. Illidge; Coorow, 29° 53' 
00" S, 116° 00' 00" E, 15 Oct 1938, collector unknown; 
Wongan Hills, 30° 54' 00" S, 116° 43’ 00" E, 31 Oct 
1958, I.F.B. Common; Coorow, 29° 53' 00" S, 116° Of 
00" E, 04 Nov 1958, I.F.B. Common; Dalwallinu, 30° 
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17 00” S, 116°40'00 M E, 11 Oct 1975, R.P. McMillan 
(WAM); 5 km SW of Meadow Homestead, 26° 44' 00" 
S, 114° 35' 00" E, 02 Oct 1976, A.M. Douglas and M.J. 
Douglas (WAM); 49 km NE of Wubin, 29° 47' 00" S, 
117° 00' 00" E, 27 September 1981, I.D. Naumann and 
J.C. Cardale; Southern Cross, 31° 13' 00" S, 119° 20' 00" 
E, 08 Oct 1983, R.P. McMillan (WAM); 18 km E by S 
of Kalbarri, 27° 44' 00" S, 114° 21' 00" E, 19 Oct 1984, 
D.C.F. Rentz; 9 km ENE of Kalbarri, 27° 43' 00" S, 114° 
16' 00" E, 07 Oct 1990, I.F.B. Common; 49 km NE of 
Wubin, 29° 47' 00" S, 117° 00' 00" E, 08 Sep 1992, E D. 
Edwards, 18 km SE of Mullewa, 28° 39' 00" S, 115° 



39' 00" E, 10 Oct 1992, E D. Edwards; Tenindewa, 28° 
37' 00" S, 115° 22' 00" E, 11 Oct 1992, E. D. Edwards; 
Ambania, 28° 41' 00" S, 115° 22' 00" E, 11 Oct 1992, E. 

D. Edwards; Loop Road, Kalbarri National Park, 27° 41' 
00" S, 114° 16' 00" E, 14 Oct 1992, E. D. Edwards and 

E. S. Nielsen; 2 km SW of Eneabba, 29° 50’ 00" S, 115° 
15' 00" E, 29 Oct 1992, E D. Edwards and E.S. Nielsen; 
44 km N of Galena Bridge, 27° 26' 00" S, 114° 40' 30" 
E, 25 Sep 1993, M. Powell and M. Golding; Durocoppin 
Nature Reserve, 29° 50' 00" S, 117° 45' 00" E, 03 Nov 
1993, A.R. Main; Watheroo National Park, 30° 07' 
50" S, 115° 50' 40" E, 11 Oct 1994, M R. Williams; 



FIGURE 2 Synemon catocaloides. A, S Dorsal; B, S Ventral (C2745) Western Australia, Wubin (WAM); C, £ Dorsal; 

D, $ Ventral (C0725) Western Australia, Indarra Spring Nature Reserve (WAM). (Photos: Brian Hanich, Western 
Australian Museum.) 
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FIGURE 3 Map of Western Australia showing 

distribution of Synemon catocaloides. 


Watheroo National Park, 30° 16' 00" S, 116° 00’ 00" E, 
13 Oct 1994, A.A.E. Williams; 56 km N of Murchison 
Crossing, 27° 21' 22" S, 114° 37' 38" E, 03 Aug 1995, 
M.R. Williams; 5 km NNE of Eurardy Homestead, 
27° 31' 45" S, 114° 41' 53" E, 04 Oct 1997, T.F. Houston 
(WAM); Meanarra Junction, Kalbarri, 27° 42’ 00" S, 
14° 13' 00" E, 04 Oct 1999, L. Kaila; Dowerin, 31° 12' 
00" S, 117° 02' 00" E, date not recorded, L.J. Newman 
(DAFC); Merredin, 31° 29’ 00" S, 118° 16’ 00" E, date 
not recorded, L.J. Newman; South Eneabba Nature 
Reserve, 29° 49' 00" S, 115° 16’ 00" E, date not recorded, 
R.P McMillan; Pithara, 30° 23' 00" S, 116° 40’ 00" E, 
date not recorded, collector unknown. 

RECENT RECORDS 

Wyalkatchem Nature Reserve, 31° 10' 14" S, 117° 24' 
49" E, 20 Oct 2006, A.A.E. Williams; Manmanning 
Nature Reserve, 30° 54' 49" S, 117° 05' 38" E, 30 Oct 

2009, A.A.E. Williams; Amery Nature Reserve, 31° 09' 
01" S, 117° 05' 47" E, 30 Oct 2009, A.A.E. Williams; 
Manmanning Dam Nature Reserve, 30° 49' 55" S, 17° 
04' 52" E, 30 Oct 2009, A.A.E. Williams; Capamauro 
Nature Reserve, 29° 56' 18" S, 115° 54' 09" E, 07 Oct 

2010, A.A.E. Williams; Indarra Spring Nature Reserve, 
28° 42' 42" S, 115° 19' 50" E, 09 Oct 2010, A.A.E. 
Williams; Wicherina Reserve, E of Geraldton, 28° 44' 
00" S, 115° 01' 02" E, 09 Oct 2010, A.A.E. Williams; 
Burma Road Nature Reserve, 28° 58' 12" S, 115° 02' 
44" E, 09 Oct 2010, A.A.E. Williams; Marchagee 


Nature Reserve, 29° 56' 33" S, 116° 03' 32" E, 16 Oct 
2010, A.A.E. Williams; Barbalin Nature Reserve, 30° 
52' 51" S, 118° 06' 25" E, 18 Oct 2010, T. Gamblin; 
Sandford Rock Nature Reserve, 31° 13' 58" S, 118° 
46' 13" E, 19 Oct 2010, A.A.E. Williams; Durokoppin 
Nature Reserve, 31° 24' 28" S, 117° 45' 03" E, 18 Oct 
2010, A.A.E. Williams; Elphin Nature Reserve, 30° 51' 
41" S, 116° 41' 42" E, 26 Oct 2010, A.A.E. Williams; 
100 km N of Northampton, 27° 28' 18" S, 114° 42' 23" 
E, 08 Sep 2011, A.A.E. Williams; Kalbarri National 
Park, 27° 48' 26" S, 114° 27' 59" E, 08 Sep 2011, A.A.E. 
Williams; Nature Reserve at Gunyidi, 30° 08' 54" S, 
116° 04' 47" E, 11 Oct 2011, A.A.E. Williams; 46 km 
NE of Wubin, 29° 49' 14" S, 116° 58' 09" E, 01 Oct 
2012, A.A.E. Williams and E.P Williams; Wundowlin 
Nature Reserve, 30° 52' 16" S, 118° 04' 32" E, 08 Oct 
2012, A.A.E. Williams and M.R. Williams; Eurardy 
Station (photograph), 27° 39' 15" S, 114° 43' 58" E, 09 
Sep 2014, V. Westcott; Nature Reserve at Gunyidi, 30° 
08' 54" S, 116° 04' 47" E, 16 Oct 2015, A.A.E. Williams; 
Alexander Morrison National Park, 30° 03' 37" S, 115° 
27' 39" E, 16 Oct 2015, A.A.E. Williams; Karroun Hill 
Nature Reserve, 30° 14' 34" S, 118° 23' 59" E, 10 Oct 
2016, A.A.E. Williams and M.R. Williams; Buntine 
Water Reserve (photograph), 29° 58' 53" S, 116° 34' 
10" E, 16 Oct 2016, F. Hort and J. Hort; Buntine Water 
Reserve, 29° 58' 54" S,116° 34' 15" E, 19 Oct 2016, 
A.A.E. Williams; Buntine Nature Reserve, 29° 58' 
49" S, 116° 37' 05" E, 19 Oct 2016, A.A.E. Williams; 
Latham, 41 km NNW of Wubin, 29° 44' 54" S, 116° 27' 
06" E, 19 Oct 2016, A.A.E. Williams. 


Synemon leucospila Meyrick 1891 
(White-spotted Sun-moth) 

Figure 4 

BRIEF DESCRIPTION 

This is a medium sized sun-moth with slightly 
rounded wings. In both sexes, the upper side of the 
forewing is patterned with black, grey and white 
markings, with the white markings being more 
pronounced in females. The upper side of the hind 
wing is blackish, with a series of distinct white or 
creamy-white spots, including a white or creamy-white 
discal spot. The underside is grey to blackish-grey, the 
forewing with two distinct broad whitish bands. In both 
sexes, the innermost of these bands generally extends 
across the wing. A line of cream-white terminal spots 
runs along the outer edge of the forewing. The hind 
wing pattern is similar to that above, but paler. 

DISTRIBUTION 

Synemon leucospila is a Western Australian endemic, 
with a near-coastal distribution from near Perth north to 
Kalbarri (Figure 5). 
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LARVAL FOOD PLANT 

The larval food plant at Howatharra Nature Reserve is 
Lepidosperma tenue , a species restricted to the northern 
part of the south-western region. Voucher specimens of 
this sedge have been lodged in the Western Australian 
Herbarium. 

HABITAT 

In Kalbarri National Park, S. leucospila is found in 
open low heath where numerous sedge species occur. 
At Howatharra Nature Reserve the species is found on 
vegetated rocky hillsides, while at Lake Logue Nature 


Reserve it occurs in winter-wet areas with low shrubs 
and sedges. At Bartlett’s Well Nature Reserve the 
species is locally common in an area of very open Marri 
(Corymbia calophylla ) woodland where a Mesomelaena 
sp. sedge is common in the low shrub understory. 

BEHAVIOUR AND FLIGHT PERIOD 

Synemon leucospila is a relatively slow flying species. 
Adults are active in sunny conditions. The males do 
not appear to establish individual territories but course 
close to the ground over areas of heath and sedges. 
Females are less active than males and are usually 



FIGURE 4 Synemon leucospila. A, S Dorsal; B, S Ventral (C0808) Western Australia, Kalbarri National Park (WAM); 

C, $ Dorsal; D, $ Ventral (C0807) Western Australia, Kalbarri National Park (WAM). (Photos: Brian Hanich, 
Western Australian Museum.) 
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FIGURE 5 Map of Western Australia showing 
distribution of Synemon leucospila. 

seen near sedges. At Howatharra Nature Reserve, this 
spring flying sun-moth often visits flowers including 
Verticordia spp. and Waitzia suaveolens. It flies from 
mid October to mid November. 

CONSERVATION STATUS 

Not threatened. This species is widespread, locally 
common, and well represented in the conservation 
estate. There are 16 historical and 14 recent records. 

HISTORICAL RECORDS 

Geraldton (general), 28° 46’ 00” S, 114° 37' 00" E, 01 
Novr 1886, E. Meyrick (BMNH); Moonyoonooka, 28° 
46' 48" S, 114° 43' 12" E, 07 Nov 1912, G.F. Berthoud; 
Watheroo, 30° 18' 00" S, 116° 03' 00" E, 08 Nov 1912, 
G.F. Berthoud; Moonyoonooka near Geraldton, 28° 47' 
00" S, 114° 45' 00" E, 09 Nov 1913, G.F. Berthoud (AM); 
Kalbarri National Park, 27° 41' 00" S, 114° 33' 00" E, 06 
Nov 1968, N. McFarland; Moresby Range, Howatharra, 
28° 32' 00" S, 114° 38' 00" E, 22 Oct 1977, N. McFarland; 
30 km NNE of Geraldton, 28° 33' 00" S, 114° 40' 00" E, 
15 Nov 1977, N. McFarland; 20 km E by S of Kalbarri, 
27° 45' 00" S, 114° 22' 00" E, 19 Oct 1984, D.C.F. Rentz; 
17 km S of Kalbarri, 27° 52' 00" S, 115° 10' 00" E, 20 
Oct 1984, D.C.F. Rentz; Bartlett’s Well Nature Reserve, 
31° 10' 03" S, 115° 48' 16" E, 19 Nov 1991, T.F. Houston 
(WAM); Loop Road, Kalbarri National Park, 27° 41' 00" 
S, 114° 16' 00" E, 14 Oct 1992, E D. Edwards and E.S. 
Nielsen; Loop Road, Kalbarri National Park, 27° 39' 00" 


S, 114° 19' 00" E, 16 Oct 1992, E D. Edwards and E.S. 
Nielsen; Near Howatharra Hill, 28° 33' 00" S, 114° 39' 
00" E, 28 Oct 1992, E.D. Edwards and E.S. Nielsen; 7 
km S of Kalbarri, 27° 47' 00" S, 114° 08' 00" E, 16 Oct 
1992, E.D. Edwards and E.S.Nielsen; Kalbarri National 
Park, 27° 43' 30" S, 114° 19' 52" E, 03 Oct 1995, M R. 
Williams; Nabawa, NNE of Geraldton, 28° 30' 00" S, 
114° 47' 30" E, 14 Nov 1998, S.R. Patterson (WAM). 

RECENT RECORDS 

Moore River National Park, 31° 06' 10" S, 115° 46' 13" 
E, 09 Nov 2009, A.A.E. Williams; Howatharra Nature 
Reserve, 28° 32' 52" S, 114° 39' 56" E, 10 Nov 2009, 
A.A.E. Williams; Lake Logue Nature Reserve, 29° 50' 
50" S, 115° 12' 22" E, 10 Nov 2009, A.A.E. Williams; 
Kalbarri National Park, 27° 48' 50" S, 114° 26' 59" E, 11 
Nov 2009, A.A.E. Williams; N of Moore River National 
Park, 31° 01' 04" S, 115° 43' 13" E, 13 Nov 2009, A.A.E. 
Williams; Burma Road Nature Reserve, 28° 58' 46" S, 
115° 02' 44" E, 09 Oct 2010, A.A.E. Williams; Kalbarri 
National Park, 27° 39' 53" S, 114° 17' 34" E, 11 Oct 
2010, A.A.E. Williams; Yandin Nature Reserve, 30° 46' 
23" S, 115° 36' 15" E, 23 Oct 2010, A.A.E. Williams; 
Boonanaring Nature Reserve, 31° 10' 46" S, 115° 50' 
04" E, 23 Oct 2010, A.A.E. Williams; Bartlett’s Well 
Nature Reserve, 31° 10' 03" S, 115° 48' 16" E, 23 Oct 
2010, A.A.E. Williams; ENE of Howatharra Nature 
Reserve, 28° 31' 59" S, 114° 44' 13" E, 23 Oct 2013, 
A.A.E. Williams; Kalbarri National Park — Euardy 
boundary, 27° 32' 57" S, 114° 31' 41" E, 04 Nov 2014, 
A.A.E. Williams; Brand Highway, Red Gully Creek, 31° 
05' 08" S, 115° 45' 46" E, 26 Oct 2015, A.A.E. Williams; 
Howatharra Nature Reserve, 28° 32' 53" S, 114° 39' 58" 
E, 20 Oct 2016, A.A.E. Williams. 


Synemon maja Strand 1911 
(Major Sun-moth) 

Figure 6 

BRIEF DESCRIPTION 

This is a medium to large sun-moth. Males have a 
wingspan ranging from 35 to 45 mm, females have a 
wingspan of approximately 45 mm. In both sexes, the 
upper side of the forewing is grey, with broad irregular 
subapical and posmedian whitish bands edged with 
blackish grey. These pale forewing bands are distinctive 
and become even more pronounced in worn specimens. 
The upper side of the hind wing is blackish, with a bold 
pattern of large yellow to orange-yellow markings. The 
underside pattern of both wings is similar to the upper 
side, but the bands and spots are yellow or whitish- 
yellow. 

DISTRIBUTION 

Synemon maja is a Western Australian endemic. Most 
specimens have been recorded from two sites inland 
from Geraldton: near Howatharra Hill, 25 km north- 
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north-east of Geraldton, and at Canna Silo (Leda Nature 
Reserve), 120 km east-south-east of Geraldton. A few 
specimens provisionally identified as S. maja (ANIC 
Castniidae database) have also been collected west of 
Quairading, in the central Wheatbelt (Figure 7). 

LARVAL FOOD PLANT 

The larval food plant has not been identified. 

HABITAT 

At Howatharra Nature Reserve the habitat is species 
rich heath and sedge growing on rocky hillsides. At 


Cana Silo (Leda Nature Reserve), the habitat is Acacia- 
dominated woodland over patches of large, fine-leafed 
tussock sedge. 

BEHAVIOUR AND FLIGHT PERIOD 

Synemon maja flies slowly amongst shrubs and sedges 
on the hillsides at Howatharra Nature Reserve. The 
likely food plant there is a large broad-leafed sedge 
(E.D. Edwards, personal communication, 2010). Adults 
also feed readily at flowers of Verticordia sp. shrubs. 
The flight period is October to early November. 



FIGURE 6 Synemon maja. A, S Dorsal; B, S Ventral (C0279) Western Australia, Howatharra Nature Reserve (WAM); 

C, $ Dorsal; D, $ Ventral (C0730) Western Australia, Howatharra Nature Reserve (WAM). (Photos: Brian 
Hanich, Western Australian Museum.) 
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FIGURE 7 Map of Western Australia showing 
distribution of Synemon maja. 

CONSERVATION STATUS 

Data deficient. Synemon maja has a limited 
distribution, and is presently known only from two small 
nature reserves east of Geraldton, and from remnant 
bushland west of Quairading in the central Wheatbelt. 
There are few specimens in collections, even though 
the species flies in spring. Insufficient surveys have 
been conducted to accurately determine the species’ 
conservation status. There are six historical and one 
recent records. 

HISTORICAL RECORDS 

Geraldton (general), 28° 46' 00” S, 114° 37' 00" 
E, 05 Nov 1886, E. Meyrick (BMNH); 2 km W of 
Quairading, 32° 0T 00" S, 117° 23' 00" E, 11 Oct 1987, 

R. P. Field (MV); 5 km W of Quairading, 32° 01' 00" 

S, 117° 22' 00" E, 01 Nov 1992, E D. Edwards and 
E.S. Nielsen; Canna Silo (Leda Nature Reserve), 28° 
54' 00" S, 115° 51' 00" E, 10 Oct 1992, E D. Edwards; 
Howatharra Hill Reserve, 28° 32' 00" S, 114° 40' 00" 
E, 12 Oct 1992, E.D. Edwards and E.S. Nielsen; Near 
Howatharra Hill, 28° 33' 00" S, 114° 39' 00" E, 12 Oct 
1992, E.D. Edwards, E.S. Nielsen. 

RECENT RECORDS 

Howatharra Nature Reserve, 28° 32' 52" S, 114° 39' 
49" E, 09 Oct 2010, A.A.E. Williams. 


Synemon nupta Westwood 1877 
(Ruby Sun-moth) 

Figure 8 

BRIEF DESCRIPTION 

Synemon nupta is a large sun-moth. Males have an 
average wingspan of 40 mm; females are larger, and 
may have a wingspan approaching 55 mm. The upper 
side of the forewing is grey, with variable blackish and 
white markings. Some individuals have quite extensive 
white markings, particularly females from the semi-arid 
zone. The upper side of the hind wing is predominantly 
black, with the basal area a rich, dark ruby-red, or 
(rarely) orange-yellow. The underside of the wings is 
mostly black, with some restricted dark red markings 
on the forewing and white spotting on the hind wing. In 
flight the ruby sun-moth always appears dark. 

DISTRIBUTION 

This sun-moth is a Western Australian endemic. It has 
a south-western distribution, excluding the extreme south¬ 
west corner of the State, and occurs predominantly within 
the Wheatbelt region. Isolated populations also occur in 
the Jarrah (Eucalyptus marginata) forest east of Perth. 
Specimens have previously been recorded at Gleneagles, 
east of Perth; Gabbin, east of Koorda; southwards to Lake 
Grace and Ravensthorpe; and eastwards to Grasspatch 
(ANIC Castniidae database). Recent records extend 
the species’ range north to Elphin Nature Reserve 
near Wongan Hills, south to Cocanarup Reserve near 
Ravensthorpe, and east to Burra Rock and Queen Victoria 
Rock in the semi-arid zone, as well as ‘The Diamonds 
Hill’ in Cape Arid National Park (Figure 9). 

LARVAL FOOD PLANT 

The larval food plant on the inland sandy plains 
between Yellowdine and Coolgardie, in the north¬ 
eastern part of the species range, is Lepidosperma 
rigidulum (Kuk.) K.L. Wilson. This plant has a wide 
range that matches that of S. nupta fairly well. 

HABITAT 

Synemon nupta is found in a variety of habitats. The 
westernmost localities are within Jarrah forest east of 
Perth. Here, the sun-moths are usually found near the 
base of large granite outcrops with surrounding heath 
and sedgeland. In the Wheatbelt, S. nupta occurs in 
species rich heath and in sedgeland. At Queen Victoria 
Rock and Burra Rock, in the semi-arid zone, the species 
is found in patchy mallee and Tamma (Allocasuarina 
campestris ) shrubland over mixed sedges, on yellow 
sandplains. 

BEHAVIOUR AND FLIGHT PERIOD 

In open heath and sedgeland habitats, males fly close 
to the ground. They do not appear to establish territories 
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but course over large areas of breeding habitat in search 
of unmated females. They periodically settle, on low 
shrubs, sticks, or on the ground. Females are less 
frequently seen, and are usually active round the bases 
of their sedge larval food plants. Where the large sedge 
L. rigidulum is common alongside the Great Eastern 
Highway between Yellowdine and Coolgardie, the sun- 
moth is often abundant in October. The flight period 
varies with location: in more northern localities, ruby 
sun-moths appear in October; further south, they emerge 
later. In the Jarrah forest, near Perth, S. nupta has been 
recorded in December and January. 


CONSERVATION STATUS 

Not threatened. This species is widespread, locally 
common, and well represented in the conservation 
estate. There are 25 historical and 33 recent records. 

HISTORICAL RECORDS 

Western Australia, location and date not recorded, 
collector unknown (HEC); Kellerberrin, 31° 38' 00” S, 
117° 43' 00" E, date not recorded, collector unknown 
(WAM); Kukerin, 33° 12' 00" S, 117° 43’ 00" E, date not 
recorded, collector unknown; Tammin, 31° 37' 48" S, 
117° 28' 48" E, date not recorded, collector unknown; 



FIGURE 8 Synemon nupta. A, S Dorsal; B, <$ Ventral (C0916) Western Australia, Quairading Bushland (WAM); 

C, $ Dorsal; D, $ Ventral (C2080) Western Australia, Quairading Bushland (WAM). (Photos: Brian Hanich, 
Western Australian Museum.) 
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FIGURE 9 Map of Western Australia showing 

distribution of Synemon nupta. 


Swan River, 31° 51' 00" S, 116° 00' 00" E, date not 
recorded, L.J. Newman (WAM); Merredin, 31° 29' 
00" S, 118° 28' 00" E, date not recorded, L.J. Newman 
(WAM); Lake Grace, 33° 06' 00" S, 118° 28' 00" E, date 
not recorded, K. Carnaby; Cunderdin, 31° 39' 00" S, 
117° 13' 48" E, 07 Oct 1913, R. Illidge; Cunderdin, 31° 
39' 00" S, 117° 13' 48" E, 29 Oct 1913, R. Illidge (SAM); 
Cunderdin, 31° 39' 00" S, 117° 13' 48" E, 15 Nov 1913, 
R. Illidge; 17 miles W of Ravensthorpe, 33° 35' 00" S, 
119° 44' 00" E, 23 Nov 1958,1.F.B. Common; 9 mi. S by 
W of Grasspatch, 33° 14' 00" S, 121° 43' 00" E, 17 Nov 
1969, Key and Upton; Near Emu Rock, E of Hyden, 32° 
27' 00" S, 119° 25' 00" E, 08 Nov 1979, T.F. Houston 
(WAM); Gabbin, 30° 48' 00" S, 117° 41' 00" E, 22 Oct 
1981, R.P. McMillan (WAM); Chandler Rd, Gleneagles 
State Forest, 32° 17' 00" S, 116° IF 00" E, 15 Dec 1984, 
R.W. Hay; 90 km E of Southern Cross, 31° 14' 00" S, 
120° 16' 00" E, 27 Oct 1987, R.W. Hay; Yellowdine, 
31° 18' 00" S, 119° 39' 00" E, 27 Oct 1987, R.W. Hay; 
Quairading Bushland, 32° OF 00" S, 117° 24' 00" E, 
03 Nov 1989, H. Bollam; 66 km E of Southern Cross, 
31° 14' 00" S, 120° OF 00" E, 18 Oct 1991, R.W. Hay; 
2 mi. SW of Quairading, 32° OF 00" S, 117° 24' 00" E, 
02 Nov 1992, E.D. Edwards, E.S. Nielsen; 35 km E of 
Yellowdine, 31° 17' 00" S, 120° 00' 00" E, 03 Nov 1992, 
E.D. Edwards, E.S. Nielsen; Cocanarup Reserve, 33° 35' 
00" S, 119° 52' 00" E, 04 Nov 1994, A.A.E. Williams; 
Quairading, 32° OF 00" S, 117° 24' 00" E, 18 Nov 1994, 
A.A.E. Williams; Dragon Rocks Nature Reserve, 32° 


45' 00" S, 119° 00' 00" E, 24 Nov 1996, T.F. Houston 
(WAM); Peak Charles National Park, 32° 53' 00" S, 121° 
09’ 00" E, 02 Nov 1996, A.A.E. Williams. 

RECENT RECORDS 

Heathland Nature Reserve, 33° 06' 00" S, 118° 40' 00" 
E, 01 Nov 2003, A.A.E. Williams; Wyalkatchem Nature 
Reserve, 31° 10' 14" S, 117° 24' 49" E, 20 Oct 2007, 
A.A.E. Williams; Salmon Gums, 32° 44' 10" S, 121° 27' 
08" E, 02 Nov 2008, M. Peterson (MPC); Powerline 
Track, Albany Highway, 32° 28' 03" S, 116° 19' 07" E, 23 
Nov 2009, A.A.E. Williams; Tutanning Nature Reserve, 
32° 32' 09" S, 117° 18' 42" E, 24 Nov 2009, A.A.E. 
Williams; Quairading Bushland, 32° OF 29" S, 117° 22' 
12" E, 18 Oct 2010, A.A.E. Williams; Westonia, 31° 19' 
35" S, 118° 41' 02" E, 19 Oct 2010, A.A.E. Williams; 
Carrabin, 31° 22' 50" S, 118° 40' 38" E, 19 Oct 2010, 
A.A.E. Williams; Sandford Rock Nature Reserve, 31° 14' 
08" S, 118° 45' 16" E, 20 Oct 2010, T. Gamblin; 95 km E 
of Southern Cross, 31° 12' 47" S, 120° 15' 32" E, 21 Oct 
2010, A.A.E. Williams; Yellowdine Nature Reserve, 31° 
17' 43" S, 119° 39' 33" E, 21 Oct 2010, A.A.E. Williams; 
Queen Victoria Rock Nature Reserve, 31° 18' 03" S, 120° 
55' 09" E, 21 Oct 2010, A.A.E. Williams; 43 km E of 
Yellowdine, 31° 14' 37" S, 120° 08' 27" E, 21 Oct 2010, 
A.A.E. Williams; Elphin Nature Reserve, 30° 52' 14" S, 
116° 45' 04" E, 26 Oct 2010, A.A.E. Williams; Kukerin 
Bushland, 33° 10' 26" S, 118° 04' 39" E, 01 Nov 2010, 
A.A.E. Williams; Kulin Bushland, 32° 39' 49" S, 118° 
08' 26" E, 01 Nov 2010, A.A.E. Williams; South Buniche 
Nature Reserve, 33° 06' 06" S, 118° 46' 06" E, 02 Nov 

2010, A.A.E. Williams; Old Newdegate Road, 33° 14' 
00" S, 19° 27' 59" E, 02 Nov 2010, A.A.E. Williams; 
Pallarup Nature Reserve, 33° 15' 12" S, 19° 45' 28" E, 
02 Nov 2010, A.A.E. Williams; Corrigin Bushland, 32° 
20' 18" S, 117° 49' 50" E, 02 Nov 2011, A.A.E. Williams; 
Charles Gardner Nature Reserve, 31° 46' 57" S, 117° 29' 
53" E, 02 Nov 2011, A.A.E. Williams; 23 km NE of Lake 
Grace, 32° 58' 15" S, 118° 39' 43" E, 20 Nov 2011, A.A.E. 
Williams; Tarin Rock Nature Reserve, 33° 06' 28" S, 118° 
12' 25" E, 21 Nov 2011, A.A.E. Williams; North Tarin 
Rock Nature Reserve, 32° 58' 53" S, 118° 16' 02" E, 21 
Nov 2011, A.A.E. Williams; Kathleen Nature Reserve, 
33° 00' 56" S, 119° 40' 27" E, 22 Nov 2011, A.A.E. 
Williams; Frank Hann National Park, 33° 04' 37" S, 120° 
07' 07" E, 22 Nov 2011, A.A.E. Williams; Sullivan Rock, 
Albany Highway, 32° 22' 36" S, 116° 15' 08" E, 02 Dec 

2011, A.A.E. Williams; Blue Rock, ENE of Jarrahdale, 
32° 19' 40" S, 116° 06' 52" E, 16 Dec 2011, A.A.E. 
Williams; Diamonds Hill, Cape Arid National Park, 
33° 39' 01" S, 123° 29' 48" E, 01 Nov 2012, C.G. Miller; 
Kunjin Bushland, 32° 2F 06" S, 117° 46' 12" E, 07 Nov 

2012, A.A.E. Williams; Burra Rock, S of Coolgardie, 31° 
22' 54" S, 121° 12' 08" E, 11 Oct 2012, A.A.E. Williams 
and M.R. Williams; Sullivan Rock, Albany Highway, 32° 
22' 36" S, 116° 15' 01" E, 01 Jan 2013, A.A.E. Williams; 1 
km SE of Caenyie Rock, 30° 57' 36" S, 120° 44' 44" E, 12 
Oct 2015, A.A.E. Williams. 
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Synemon sophia White 1841 
(Flame Sun-moth) 

Figure 10 

BRIEF DESCRIPTION 

Synemon sophia is a distinctive, medium sized sun- 
moth with very rounded wings. In both sexes, the upper 
side of the forewing has a mix of black, whitish and grey 
markings, which in fresh specimens give the wing a 
grizzled appearance. The upper side of the hind wing is 
dull black, with large dark orange spots and markings. 
The bright orange hind wing markings may fade to 


orange-yellow in specimens that have been on the wing 
for some time. The underside ground colour is black, 
with extensive orange bands and markings. In both 
sexes the large orange apical subterminal spot on the 
hind wing is overlain with smaller white markings. In 
females the broad central forewing band extends across 
the underside of the wing. 

DISTRIBUTION 

The earliest historical records for S. sophia are from 
King George Sound, Albany, and Wilson Inlet, near 
Denmark, but the species is almost certainly extinct 



FIGURE 10 Synemon sophia. A, <$ Dorsal; B, (^Ventral (C0863) Western Australia, Crystal Springs (WAM); C, $ Dorsal; 

D, $ Ventral (Cl 192) Western Australia, Crystal Springs (WAM). (Photos: Brian Hanich, Western Australian 
Museum.) 
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FIGURE 11 Map of Western Australia showing 
distribution of Synemon sophia. 

at these localities. In November 1996, E.D. Edwards 
collected two females at Hooper Road, Albany, both 
of which had been on the wing for some time and had 
orange-yellow hind wing markings. The species has not 
been recorded again at the Hooper Road site, which has 
been degraded by off-road vehicle use. In December 
1970, S. sophia was recorded by G.A. Holloway and H. 
Hughes at Crystal Springs, near Walpole. All collections 
since 1996 have come from this location. Despite there 
being suitable looking habitat elsewhere along the 
south-west coast, this remains the only known extant 
population for S. sophia (Figure 11). 

LARVAL FOOD PLANT 

The larval food plant is unknown. 

HABITAT 

At Crystal Springs the main habitat is a winter-wet, 
peaty swamp with tall mixed sedges. The sun-moths 
occur in both the swampland and on adjacent higher 
ground near exposed granite sheets, where the habitat 
is very open eucalypt woodland over shrubs and sedges. 

BEHAVIOUR AND FLIGHT PERIOD 

Synemon sophia is active in sunny periods between 
10:00 and 15:00 WST. The sun-moths invariably 
settle whenever the sun is shaded by cloud. Males do 
not establish clearly defined territories, but course 
over extensive areas of habitat in search of unmated 


females. The flight period is from early November to 
early December. Males are more frequently seen than 
females. 

CONSERVATION STATUS 

Data deficient — possibly endangered. Synemon 
sophia is now known from only one extant population 
near Walpole. Two specimens were collected at Hooper 
Road near Albany in 1996, but the species has not been 
recorded there again. Synemon sophia is thought to be 
extinct at its historical localities at King George Sound, 
Albany, and at Wilson Inlet, near Denmark. Insufficient 
surveys have been conducted to accurately determine its 
conservation status. Urban development in potentially 
suitable habitat along the south and south-west coast 
must be regarded as a likely threatening process. There 
are five historical and six recent records. 

HISTORICAL RECORDS 

Albany, King George Sound, 35° 03' 00" S, 117° 58' 00" 
E, 16 Dec 1840, G. Grey (BMNH); Albany, King George 
Sound, 35° Of 00" S, 117° 53' 00" E, date not recorded, 
collector unknown (MM); Wilson Inlet, Denmark, 34° 
58' 00" S, 117° 22' 00" E, 11 Nov 1911, G.M. Goldfinch 
Collection (AM); Crystal Springs, W of Walpole, 34° 59' 
00" S, 116° 37' 00" E, 14 Dec 1970, G.A. Holloway and 
H. Hughes (AM); Hooper Road, Albany, 34° 34' 48" S, 
117° 33' 00" E, 26 Nov 1996, E.D. Edwards. 

RECENT RECORDS 

Walpole, Crystal Springs, 34° 57' 36" S, 116° 36' 00" 
E, 02-04 Nov 2007, D. Hilton (AKC); Walpole, Crystal 
Springs, 34° 57' 35" S, 116° 36' 02" E, 03 Dec 2009, T. 
Gamblin; Walpole, Crystal Springs, 34° 57' 35" S, 116° 
35' 59" E, 16 Nov 2010, T. Gamblin; Walpole, Crystal 
Springs, 34° 57' 35" S, 116° 35' 59" E, 17 Nov 2010, 
A.A.E. Williams; Walpole, Crystal Springs, 34° 57' 
22" S, 116° 35' 18" E, 18 Nov 2010, A.A.E. Williams; 
Walpole, Crystal Springs, 34° 57' 35" S, 116° 35' 59" E, 
19 Nov 2010, T. Gamblin. 


Synemon sp. 'Bob Hay' 

(Darkling Sun-moth) 

Figure 12 

BRIEF DESCRIPTION 

Synemon sp. ‘Bob Hay’ is unusual, in that it lacks the 
brightly coloured hind wings characteristic of many 
south-western Australian sun-moths. The upper surface 
of the forewing is patterned with variable shades of 
grey and lined with diffuse blackish markings. Some 
individuals, particularly females, have distinct white 
median and subapical markings near the leading edge 
of the forewing. The upper side of the hind wing is 
greyish-black, with a slightly iridescent sheen in oblique 
light. The underside is greyish-black, the forewing with 
whitish median and subapical markings near the leading 
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edge of the forewing, the hindwing variably patterned 
with white spots and markings. In males, the area 
along the inner leading edge of the forewing is slightly 
iridescent yellow-brown. 

DISTRIBUTION 

Synemon sp. ‘Bob Hay’ is a Western Australian 
endemic. The first specimen was collected at Dedari 
in 1958. Subsequent specimens were recorded from 
three locations in the southern Wheatbelt: Dragon 
Rocks Nature Reserve, Tarin Rock Nature Reserve, 
and Dongolocking Nature Reserve (ANIC Castniidae 
database). It is now known to occur from Kalbarri 


National Park in the north, southwards through the 
Wheatbelt to Tarin Rock Nature Reserve and Pallarup 
Nature Reserve, and inland to Caenyie Rock near 
Coolgardie and near McDermid Rock on the Hyden- 
Norseman Road (Figure 13). 

LARVAL FOOD PLANT 

The small semaphore sedge Mesomelaena preissii 
Nees is a confirmed larval food plant. The sun- 
moth’s behaviour in and around Tussocky Cord-rush 
Ecdeiocolea monostachya F. Muell. suggests that this 
too may be a larval food plant. 



FIGURE 12 Synemon sp. 'Bob Hay'. A, S Dorsal; B, <$ Ventral (C2983) Western Australia, Wyalkatchem (WAM); C, $ 
Dorsal; D, $ Ventral (C1335) Western Australia, Kulin-Holt Rock Road (WAM). (Photos: Brian Hanich, Western 
Australian Museum.) 


































104 


ANDREW A.E. WILLIAMS, MATTHEW R. WILLIAMS, EDWARD D. EDWARDS, REBECCA A.M. COPPEN 


HABITAT 

This sun-moth is found in heath, shrubland 
and sedgeland, often in association with Tamma 
(Allocasuarina campestris ). In the more northerly 
parts of its range S. sp. ‘Bob Hay’ is frequently found 
where E. monostachya and small semaphore sedges 
Mesomelaena species occur together. 

BEHAVIOUR AND FLIGHT PERIOD 

This summer flying sun-moth is active in sunny 
conditions from 09:30 to 16:30 WST. Males fly over 
areas of open low heath or sedgeland in search of 
unmated females. Although the sun-moths are sombre 
grey in colour, they look dark and can easily be seen 
in flight. When cloud cover appears the sun-moths 
seek shelter. They have a peculiar habit of settling on 
the underside of a low horizontal branch of a shrub, 
often close to the ground. In this position they are 
very difficult to detect. Their flight period is from 
mid February to March. Populations in southern 
localities emerge earlier than those in the north. 
At Quairading Nature Reserve, females have been 
observed and photographed ovipositing at the bases of 
the small semaphore sedge, M. preissi, which grows 
on white sandy-clay soils in Tamma {Allocasuarina 
campestris ) shrubland (Magnus Peterson, personal 
observation 2015). 



Albany 


FIGURE 13 Map of Western Australia showing 

distribution of Synemon sp. 'Bob Hay'. 


CONSERVATION STATUS 

Not threatened. This species is widespread, locally 
common, and well represented in the conservation 
estate. There are five historical and 26 recent records. 

HISTORICAL RECORDS 

Dedari, location not recorded, January 1958, A.M. 
Douglas, R.P McMillan (WAM); Dongolocking Nature 
Reserve, 33° 05’ 00" S, 117° 37’ 00" E, 20 Feb 1996, T.F. 
Houston and C.K. Boase (WAM); 50 km W of Dedari, 
31° 10’ 28" S, 120° IF 56" E, 02 Feb 1997, P. Hutchinson 
(PHC); Tarin Rock, 33° 07' 00" S, 118° 10’ 00" E, 17 Feb 
1997, E.S. Nielsen; Dragon Rocks, 32° 46’ 00" S, 119° 03’ 
00" E, 18 Feb 1997, E.S. Nielsen. 

RECENT RECORDS 

18 km W of Corrigin, 32° 2F 19" S, 117° 4F 21" E, 10 
Feb 2008, M. Peterson; 25 km SE of Quairading, 32° 
08’ 37" S, 117° 36’ 57" E, 15 Feb 2010, A.A.E. Williams; 
Corrigin Bushland, 32° 20' 21" S, 117° 49’ 52" E, 15 
Feb 2010, A.A.E. Williams; North Tarin Rock Nature 
Reserve, 33° 00’ 12" S, 118° 13' 39" E, 15 Feb 2010, 
A.A.E. Williams; Hopkins Nature Reserve, 32° 43' 
11" S, 118° 17' 16" E, 16 Feb 2010, A.A.E. Williams; 
Heathland Nature Reserve, 33° 06' 13" S, 118° 40' 20" 
E, 16 Feb 2010, A.A.E. Williams; Tarin Rock Nature 
Reserve, 33° 07' 11" S, 118° 10’ 10" E, 16 Feb 2010, 
A.A.E. Williams; Dongolocking Nature Reserve, 33° 
04' 10" S, 117° 41' 19" E, 17 Feb 2010, A.A.E. Williams; 
Elphin Nature Reserve, 30° 51' 43" S, 116° 41' 32" E, 20 
Feb 2010, A.A.E. Williams; Amery Nature Reserve, 31° 
08' 52" S, 117° 05' 41" E, 20 Feb 2010, A.A.E. Williams; 
Wyalkatchem Nature Reserve, 31° 10' 14" S, 117° 24' 16" 
E, 20 Feb 2010, A.A.E. Williams; Durocoppin Nature 
Reserve, 31° 24' 29" S, 117° 45' 07" E, 20 Feb 2010, 
A.A.E. Williams; Nature Reserve at Gunyidi, 30° 08' 
46" S, 116° 04' 39" E, 01 Mar 2010, A.A.E. Williams; 
Kulin - Holt Rock Road, 32° 4F 21" S, 119° 04' 01" E, 15 
Feb 2011, A.A.E. Williams; Pallarup Nature Reserve, 33° 
15' 22" S, 119° 44' 46" E, 15 Feb 2011, A.A.E. Williams; 
100 km N of Northampton, 27° 28' 15" S, 114° 42' 24" 
E, 24 Mar 2011, A.A.E. Williams; Kalbarri National 
Park, 27° 48' 24" S, 114° 28' 03" E, 24 Mar 2011, A.A.E. 
Williams and M.R. Williams; Wyalkatchem Nature 
Reserve, 31° 10' 13" S, 117° 24' 18" E, 15 Feb 2013, 
A.A.E. Williams; Wyalkatchem Nature Reserve, 31° 
10' 13" S, 117° 24' 18" E, 28 Feb 2013, A.A.E. Williams; 
Quairading Nature Reserve, 32° OF 23" S, 117° 21' 59" E, 
17 Feb 2015, M. Peterson (MPC); 52 km E of Hyden, 32° 
25' 20" S, 119° 24' 59" E, 11 Feb 2016, A.A.E. Williams; 
115 km E of Hyden, 32° 19' 07" S, 120° 04' 57" E, 11 
Feb 2016, A.A.E. Williams; 147 km E of Hyden, 32° 14' 
19" S, 120° 24' 30" E, 11 Feb 2016, A.A.E. Williams; 6 
km SW of McDermid Rock, 32° 03' 54" S, 120° 4F 31" 
E, 12 Feb 2016, A.A.E. Williams; 1 km SW of Caenyie 
Rock, 30° 57' 37" S, 120° 44' 42" E, 14 Feb 2016, A.A.E. 
Williams; Amery Nature Reserve, 31° 09' 05" S, 117° 05' 
21" E, 27 Feb 2016, A.A.E. Williams. 
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Synemon sp. nr. discalis 
(Western orange-spotted Sun-moth) 

Figure 14 

BRIEF DESCRIPTION 

Synemon sp. nr. discalis has a wingspan of 
approximately 30-35 mm in males and 40 mm in 
females. The wing pattern in both sexes is similar. The 
upper side of the forewing is dark grey, suffused with 
blackish markings. In most individuals there is a very 
small white median spot and some suffused subapical 
whitish spots near the leading edge of the forewing. 


Females are similar to males, but the white median and 
subapical spots on the upper side of the forewing are 
more pronounced. The upper side of the hind wing is 
brownish-black, with a distinct orange discal spot. There 
are three prominent orange postmedian spots across the 
centre of the wing, the innermost of which often ‘tails’ 
into the inner margin next to the abdomen. This inner 
margin is yellowish-orange and may appear slightly 
iridescent in oblique light. Three or four subterminal 
orange spots are located close to the trailing edge of 
the hind wing. The underside of the forewing has two 
prominent pale orange-brown bands, the outer one 
overlain with whitish spots. There is also a line of small 




FIGURE 14 Synemon sp. nr. discalis. A, S Dorsal; B, S Ventral (C3068) Western Australia, Jimberlana Hill (WAM); 

C, $ Dorsal; D, $ Ventral (C3062) Western Australia, Jimberlana Hill (WAM). (Photos: Brian Hanich, Western 
Australian Museum.) 
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FIGURE 15 Map of Western Australia showing 

distribution of Synemon sp. nr. discalis. 


paler apical-terminal spots close to the outer edge of the 
forewing. The underside of the hind wing has markings 
similar to those on the upper surface, but paler. 

DISTRIBUTION 

Synemon sp. nr. discalis is a Western Australian 
endemic, where it has a south to south-eastern distribution. 
The (ANIC) Castniidae database lists several localities, 
including Salmon Gums, Norseman, Pine Hill, (18 km 
north of Mount Ragged), and Cocklebiddy. The species 
has been recorded as far west as Peak Charles National 
Park, at sites along the Norseman-Esperance Highway, at 
Jimberlana Hill, at Mount Ragged in Cape Arid National 
Park, and at Cocanarup Reserve near Ravensthorpe 
(Figure 15). Specimens from Fitzgerald River National 
Park and Esperance are provisionally placed here. A 
similar eastern Australian species, Synemon discalis 
Strand 1911, occurs in Victoria and South Australia 
(Douglas 2004; Grund 2012). The precise locality for 
the S. discalis holotype male is not stated in the original 
desorption, but inferred to be South Australia (Douglas 
2004). 

LARVAL FOOD PLANT 

The larval food plant at the base of Jimberlana Hill 
near Norseman is Gahnia aff. aristata (F. Muell.) Benth. 
(Russell Barrett, personal communication). 

HABITAT 

Synemon sp. nr. discalis is usually found in open 
mallee and shrubland habitats growing on sandy clay 


soils. In Peak Charles National Park the habitat is often 
denser mallee shrubland. 

BEHAVIOUR AND FLIGHT PERIOD 

Males are seen more often than females. They are 
active in warm to hot, sunny conditions and are usually 
seen flying in open areas near their larval food plants. 
At Peak Charles National Park, males use vehicle tracks 
as flight-paths through the dense mallee shrubland. 
Synemon sp. nr. discalis flies in October and early 
November. 

CONSERVATION STATUS 

Not threatened. This species is restricted to south and 
south-eastern Western Australia. It is found in Cape 
Arid National Park, Peak Charles National Park and 
Cape Fe Grand National Park, as well as Jimberlana 
Hill conservation area near Norseman. There are 16 
historical and seven recent records. 

HISTORICAL RECORDS 

Norseman (general), 32° 12' 00" S, 121° 47’ 00” E, 26 
Oct 1958,1.F.B. Common; 35 mi. S of Norseman, 32° 42' 
00" S, 121° 47' 00" E, 21 Oct 1966, F.E. Couchman, R. 
Couchman; Fraser Range, 32° 02' 00" S, 122° 48' 00" E, 
15 Oct 1967, J.C. Fe Souef; Salmon Gums, 32° 59' 00" 
S, 121° 39' 00" E, 17 Oct 1967, J.C. Fe Souef; Eyre, 32° 
08' 00" S, 126° 18' 00" E, 19 Oct 1967, J.C. Fe Souef; 4 
miles NNE of Norseman, 32° 09' 00" S, 121° 48' 00" E, 
12 Oct 1968, Britton Upton Balderson; 9 mi. S by W of 
Cocklebiddy, 32° 11' 00" S, 126° 04' 00" E, 03 Nov 1969, 
Key and Upton; Cocklebiddy, 32° 05' 00" S, 126° 10' 00" 
E, 20 Oct 1977, A. Atkins; 10 km S of Cocklebiddy, 32° 
08' 00" S, 126° 06' 00" E, 20 Oct 1977, A. Atkins; Twin 
Bays, Fitzgerald River National Park, 34° 04' 00" S, 119° 
43' 00" E, 27-28 Oct 1979, T.F. Houston (WAM); Pine 
Hill, 18 km N of Mt. Ragged, 33° 18' 00" S, 123° 23' 
00" E, 13 Oct 1991, R.W. Hay; Cocanarup Reserve, 33° 
35' 49" S, 119° 55' 42" E, 04 Nov 1994, M R. Williams; 
Cape Arid National Park, Mt. Ragged, 33° 27' 56" S, 
123° 27' 08" E, 05 Nov 1994, M R. Williams; Cape Le 
Grand National Park, 33° 59' 57" S, 122° 12' 24" E, 07 
Nov 1994, M.R. Williams; Peak Charles National Park, 
32° 52' 00" S, 121° 10' 24" E, 19 Oct 1996, P. Hutchinson 
(PHC); 20 km N of Lake King, 32° 55' 05" S, 119° 39' 
46" E, 20 Oct 1996, P. Hutchinson (PHC). 

RECENT RECORDS 

Fitzgerald River National Park, 33° 53' 12" S, 119° 
06' 21" E, 03 Nov 2000, M.R. Williams; Peak Charles 
National Park, 32° 51' 11" S, 121° 10' 31" E, 20 Oct 2010, 
A.A.E. Williams; Esperance, 33° 48' 14" S, 121° 51' 51" 
E, 03 Nov 2010, A.A.E. Williams; Esperance-Norseman 
Highway, 33° 30' 41" S, 121° 42’ 55" E, 03 Nov 2010, 
A.A.E. Williams; 10 km N of Scaddan, 33° 20' 29" S, 
121° 42' 54" E, 03 Nov 2010, A.A.E. Williams; Diamonds 
Hill, Cape Arid National Park, 33° 39' 01" S, 123° 29' 48" 
E, 01 Nov 2012, C. Meyer, C.L. Miller and S. Brown; 
Jimberlana Hill, Norseman, 32° 08' 29" S, 121° 49' 01" E, 
2-6 Oct 2013, A.A.E. Williams. 
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Synemon sp. 'Leeman' 

(Little Western Sun-moth) 

Figure 16 

BRIEF DESCRIPTION 

This is a small sun-moth. Males and females are of 
similar size, with wing-spans of 30-35 mm. In both 
sexes, the upper side of the forewing has a delicate 
pattern of grey and black markings, often with some fine 
whitish subapical and postmedian markings. The base 
colour on the upper side of the hind wing is blackish- 
brown, with a very small orange-yellow discal spot and 


a band of three orange-yellow postmedian spots, which 
may be partially fused. The outer wing margin has a 
row of small orange-yellow subterminal spots. The 
underside of the forewing is blackish-brown, with two 
broad irregular orange-yellow bands. The outer edge 
of the wing has a row of small orange-yellow terminal 
spots. The markings on the underside of the hind wing 
are similar to those on the upper side. 

DISTRIBUTION 

This sun-moth is endemic to Western Australia. It has 
a restricted distribution along the west coast north of 



FIGURE 16 Synemon sp. 'Leeman'. A, S Dorsal; B, S Ventral (C0694) Western Australia, Green Head (WAM); 

C, $ Dorsal; D, $ Ventral (C0693) Western Australia, Green Head (WAM). (Photos: Brian Hanich, Western 
Australian Museum.) 
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Albany 


FIGURE 17 Map of Western Australia showing 

distribution of Synemon sp. 'Leeman'. 

Perth, from Green Head to Coolimba, 10 km north of 
Leeman (Figure 17). 

LARVAL FOOD PLANT 

The larval food plant is undoubtedly Woolly Bog-rush 
Schoenus lanatus Labill. (Russell Barrett identification, 
personal communication, 2013), a sedge which grows 
abundantly in all the locations where the sun-moth 
has been found. In most instances it is the only sedge 
present, and females have been observed moving down 
inside the sedge clumps. 

HABITAT 

At Green Head and Leeman the habitat for S. sp. 
‘Leeman’ is mixed Melaleuca and Acacia thicket, 
growing on near-coastal limestone pavement overlain 
with a thin layer of sandy topsoil. Near Green Head, 
the sun-moths are most often encountered along 
roads, where slashed roadside verges have allowed 
the continued growth of low shrubs and the small 
larval food plant sedges. Similarly, near Leeman, the 
sun-moths were active on a 100 metre wide mowed 
perimeter firebreak south of the town. At Coolimba 
Road, the species flies in sheltered swales between 
vegetated near-coastal sand dunes. 

BEHAVIOUR AND FLIGHT PERIOD 

Synemon sp. ‘Leeman’ is locally common. Adults 
are active in sunny conditions, from mid morning to 
mid afternoon. They fly close to the ground, settling 


periodically on low plants. Males do not exhibit 
territorial behavior, but fly randomly over areas where 
the small larval food plant sedge is abundant. Specimens 
have been collected in early and mid October. 

CONSERVATION STATUS 

Data deficient. Further surveys are required to 
document the full extent of this small sun-moth’s 
distribution and the proportion of the population 
which exists in the conservation estate. There are four 
historical and four recent records. 

HISTORICAL RECORDS 

2 km S of Leeman, 29° 58’ 00” S, 114° 59’ 00" E, 14 
Oct 1988, R.W. Hay; 2 km S of Leeman, 29° 58’ 00” 
S, 114° 59’ 00" E, 25 Oct 1988, R.W. Hay; 2 km S of 
Leeman, 29° 58’ 00" S, 114° 59’ 00" E, 30 Oct 1992, E D. 
Edwards and E.S. Nielsen; 9 km N of Leeman, 29° 52' 
00" S, 114° 59’ 00" E, 25 Oct 1996, M. Golding and M. 
Powell. 

RECENT RECORDS 

5 km S of Green Head, 30° 05' 49" S, 115° 00' 27" E, 
08 Oct 2010, A.A.E. Williams; Near Green Head, 30° 
04’ 39" S, 114° 59’ 52" E, 08 Oct 2010, A.A.E. Williams; 
500 m S of Leeman, 29° 57' 26" S, 114° 58’ 39" E, 08 Oct 
2010, A.A.E. Williams; 10 km N of Leeman, 29° 5P 31" 
S, 114° 59’ 02" E, 15 Oct 2010, M R. Williams and T. 
Gamblin. 


Synemon sp. 'Mount Ragged' 

(Hilltop Sun-moth) 

Figure 18 

BRIEF DESCRIPTION 

Synemon sp. ‘Mount Ragged’ is a distinctive medium 
sized sun-moth with angular forewings. In males, the 
upper side of the forewing is grey with a broad whitish 
postmedian band bordered in black. A group of whitish 
subapical spots form a parallel though less distinct band 
towards the outer tip of the wing. The upper side of 
the hind wing in the male is blackish, with a discrete 
orange-brown discal spot and a line of partially fused 
orange-brown postmedian spots, the innermost of which 
tails into the dorsum alongside the abdomen. Close to 
the trailing edge of the hind wing are two distinct white 
terminal spots enclosed within the black outer border. 
In males, the basal area on the underside of both wings 
is orange-brown. The ground colour on the remainder 
of the wings is dull black. The forewing has two broad 
orange-brown or orange-white bands and a row of fine 
white terminal spots. The underside of the male hind 
wing is patterned with orange-brown and white spots 
and markings. In females, the forewing shape and upper 
side pattern is similar to that of the male, though the 
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termen is more rounded. The hind wing upper side is 
blackish with a large elongate orange-yellow discal 
spot and a line of large partially fused orange-yellow 
postmedian spots, the innermost of which tails into the 
dorsum alongside the abdomen. Close to the trailing 
edge of the hind wing are two distinct but very much 
smaller pale orange-yellow or whitish-yellow terminal 
spots enclosed within the black outer border; in males 
these spots are white. On the underside the basal area 
on both wings is orange-yellow. The outer portion on 
the underside of the female’s forewing has a broad 
postmedian and subapical orange-yellow band, the 


latter with two elongate parallel white spots alongside 
the costa. A row of small white or yellow-white spots 
are located close to the termen. On the underside of 
the female’s hindwing the orange-yellow basal area 
extends into the dorsum and joins the broad orange- 
yellow postmedian band. An irregular black median 
band extends part-way down across the wing between 
the orange-yellow basal area and the orange-yellow 
postmedian band. The outer edge of the hind wing from 
apex to tornus is broadly bordered in black. This border 
encloses a narrow line of very small white terminal 
spots and two larger white spots towards the tornus. 




FIGURE 18 Synemon sp. 'Mount Ragged'. A, S Dorsal; B, <$ Ventral (C0627) Western Australia, Stirling Range (WAM); 

C, $ Dorsal; D, $ Ventral (ANIC31015296) Western Australia, 26 km east of Ravensthorpe (ANIC). (Photos: 
A-B, Brian Hanich, Western Australian Museum; C-D, You Ning Su, CSIRO, Canberra.) 
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DISTRIBUTION 

This south coastal taxon is a Western Australian 
endemic. It is known from Stirling Range National Park 
in the west, east to Ravensthorpe, Mount Ragged in 
Cape Arid National Park, and the area round Israelite 
Bay (ANIC Castniidae database). More recently it has 
been located on West Mount Barren in Fitzgerald River 
National Park (Figure 19). 

LARVAL FOOD PLANT 

The larval food plant is unknown. 

HABITAT 

This species generally favours mixed mallee and 
heathland. 

BEHAVIOUR AND FLIGHT PERIOD 

Synemon sp. ‘Mount Ragged’ is a medium sized 
fast flying sun-moth. It is the only sun-moth species in 
Western Australia which commonly exhibits classic 
hill-topping behaviour; hence its common name. Males 
can readily be located at the summits of prominent hills, 
where they often fly together with other hill-topping 
butterflies. At Stirling Range National Park males 
commonly hill-top at the summit of the look out hill 
on Redgum Pass Road and on Mondurup Peak, and 
at Fitzgerald River National Park males hill-top at the 
summit of West Mount Barren. The male sun-moths fly 
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FIGURE 19 Map of Western Australia showing 

distribution of Synemon sp. 'Mount Ragged'. 


in sunny conditions, periodically settling on prominent 
shrubs at the tops of the hills. Females are rarely 
seen. Synemon sp. ‘Mount Ragged’ is on the wing in 
December and January. 

CONSERVATION STATUS 

Data deficient. Although this species is known from 
relatively few localities, most of these are in Western 
Australian conservation estate, so the species is probably 
secure. Targeted searches on prominent vegetated 
hilltops between Stirling Range National Park and 
Nuytsland Nature Reserve, and north into the Wheatbelt, 
would likely provide data on the species’ overall 
distribution and areas of local abundance. There are 
seven historical and three recent records. 

HISTORICAL RECORDS 

Stirling Range National Park, 34° 25’ 00” S, 118° 03’ 
00" E, 13 Jan 1974, K.E. Carnaby; Mount Ragged, 33° 
27’ 00" S, 123° 28’ 00" E, 10 Dec 1974, K.T. Richards 
(DAFC); 3 km SW of Mt Ragged, 33° 28' 00" S, 123° 26’ 
00" E, 18 Dec 1989, R.P Field; 20 km WNW of Israelite 
Bay, 33° 33' 00" S, 123° 41' 00" E, 29 Dec 1990, M.S. 
Moulds and B.J. Moulds; 26 km E of Ravensthorpe, 33° 
36' 00" S, 120° 18’ 00" E, 06 Jan 1993, E D. Edwards and 
E.S. Nielsen; Stirling Range National Park, 34° 29' 24" 
S, 117° 57’ 00" E, 28 Jan 1994, A.A.E. Williams; Cape 
Arid National Park, Mt Ragged, 33° 27’ 00" S, 123° 28’ 
00" E, 17 Dec 1995, M.S. Moulds. 

RECENT RECORDS 

Stirling Range National Park, 34° 25’ 31" S, 117° 56’ 
06" E, 16 Dec 2004, A.A.E. Williams; Stirling Range 
National Park, 34° 25’ 31" S, 117° 56’ 06" E, 29 Dec 
2009, A.A.E. Williams; Fitzgerald River National 
Park, 34° 12' 59" S, 119° 25’ 59" E, 11 Jan 2015, A.A.E. 
Williams. 


Synemon sp. 'Perth 7 species complex 
(Common Spring Sun-moth) 

Figure 20 

BRIEF DESCRIPTION 

Synemon sp. ‘Perth’ species complex (hereafter 
referred to as Synemon sp. ‘Perth’) is a medium 
sized sun-moth. Males have an average wingspan of 
approximately 35 mm and females 40-45 mm. In both 
sexes the upper side of the forewing is patterned in dark 
grey and black, invariably with small white subapical 
and median markings near the leading edge of the 
forewing. These white forewing spots are much more 
pronounced in females. The ground colour of the upper 
side of the hind wing is blackish-brown, the basal area 
with a prominent orange or orange-yellow discal spot. 
There is a band of orange or orange-yellow postmedian 
spots across the centre of the hind wing, the inner spot 
frequently ‘tailing’ into the inner margin next to the 
abdomen. The trailing edge of the hind wing has three or 
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more small orange or orange-yellow subapical spots. The 
underside of the forewing has two broad dull orange- 
yellow bands and a row of pale yellowish spots along 
the outer margin. The underside of the hind wing has 
a similar pattern to the upper side, but is duller. This 
species has been widely misidentified as S. sophia. 

DISTRIBUTION 

Synemon sp. ‘Perth’ is a Western Australian endemic. 
The original specimens to which this interim name- 
tag applies were collected on the Swan Coastal Plain 
near Perth and on the Darling Scarp round Mundaring 


and Martin (ANIC Castniidae database). Since then, 
numerous specimens which appear to belong to this 
taxon have been obtained from a wide range of sites. 
New northern localities include Wicherina Reserve 
east of Geraldton, Mingenew Bushland, Badgingarra 
National Park and Watheroo National Park. The species 
has also been located in the northern and central Jarrah 
{Eucalyptus marginata ) forest inland and south-east 
of Perth, and in nature conservation reserves in the 
Wheatbelt and semi-arid areas. To the south it has been 
located near Yournup and Cranbrook, and in Stirling 
Range National Park (Figure 21). 



FIGURE 20 Synemon sp. 'Perth' species complex. A, S Dorsal; B, (^Ventral (C2726) Western Australia, Koondoola (WAM); 

C, $ Dorsal; D, $ Ventral (C2720) Western Australia, Koondoola bushland (WAM). (Photos: Brian Hanich, 
Western Australian Museum.) 
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LARVAL FOOD PLANT 

The only documented larval food plant for S', sp. 
‘Perth’ is the small semaphore sedge Mesomelaena 
pseudostygia (Kuek.) K.L. Wilson, at Koondoola 
Bushland, Perth (E.D. Edwards and A.A.E. Williams, 
personal observation, October 2013) (Russell Barrett 
identification, personal communication, 2014). 

HABITAT 

On the Swan Coastal Plain this species is found 
mainly in Banksia woodland where the understory 
is made up of low shrubs and sedges. On the Darling 
Scarp east and south-east of Perth, the sun-moths 
fly in open Jarrah ( E. marginata ), Marri ( Corymbia 
calophylla ) or Wandoo ( Eucalyptus wandoo) dominated 
woodlands with mixed shrub and sedge understories. 
In the Wheatbelt and southern localities S. sp. ‘Perth’ 
generally favours open shrubland over low mixed heath 
and sedges. 

BEHAVIOUR AND FLIGHT PERIOD 

Synemon sp. ‘Perth’ is a common and conspicuous 
spring flying sun-moth which readily feeds at flowers 
(Williams et al. 2009). In the Banksia woodlands of the 
Swan Coastal Plain, males course over large areas of 
heath and sedges in search of unmated females. Mated 
gravid females oviposit at the bases of common narrow- 
leafed sedges. The flight period of S. sp. ‘Perth’ varies 
according to location. Sun-moths in the northernmost 
part of the range emerge in October. In the vicinity of 
Perth the species normally flies in November, except 
after a fire, when they emerge much earlier and may 
be abundant in October. In newly burnt areas, S. sp. 
‘Perth’ appears to temporarily displace S. sp. ‘Yarloop’, 
which round Perth is normally the first spring flying 
sun-moth to appear. South of Perth S. sp. ‘Perth’ flies 
in November, while in the inland forest belt the flight 
period extends from mid-November to December. In 
the Wheatbelt and semi-arid zone the species flies in 
October and November. 

CONSERVATION STATUS 

Not threatened. This species is widespread, locally 
common, and well represented in the conservation 
estate. There are 18 historical and 94 recent records. 

HISTORICAL RECORDS 

2 miles N of Armadale, 32° 07’ 00" S, 116° 00’ 00” 
E, 12 Nov 1966, L.E. Couchman; Boorabbin Rock, 31° 
07’ 12" S, 120° 10’ 12" E, 4-9 Oct 1981, T.F. Houston 
(WAM); Martin, 32° 04’ 38" S, 116° OP 33" E, 27 Nov 
1986, R.W. Hay; Bedfordale, 32° 10’ 00" S, 116° 03' 
00" E, 21 Nov 1987, R.W. Hay; Mundaring, 31° 54’ 
00" S, 116° 10’ 00" E, 04 Dec 1988, R.W. Hay; Perth, 
Mundaring, 31° 58’ 23" S, 116° 07’ 46" E, 04 Nov 1990, 


M.R. Williams; Paul’s Valley Road, Mundaring, 31° 
54’ 00" S, 116° 10’ 00" E, 15 Nov 1991, L.E. Ring; 
Perth, Martin, 31° 43’ 02" S, 115° 46’ 06" E, 20 Nov 
1991, M.R. Williams; Mundaring, 32° 07’ 28" S, 
116° 17’ 42" E, 20 Nov 1991, M.R. Williams; Perth, 
Mirrabooka, 31° 5P 37" S, 115° 52' 37" E, 13 Dec 1991, 
M.R. Williams; Dwellingup, 32° 4T 29" S, 116° 03' 01" 
E, 20 Dec 1991, M.R. Williams; Perth, Gooseberry 
Hill, 31° 57’ 30" S, 116° 03' 10" E, 04 Dec 1992, T.F. 
Houston (WAM); Quairading Bushland, 32° 0T 13" 

S, 117° 22’ 12" E, 10 Oct 1994, A.A.E. Williams; 
Watheroo National Park, 30° 19' 00" S, 115° 46’ 00" E, 
11 Oct 1994, M.R. Williams; Perth, Neerabup National 
Park, 31° 43' 02" S, 115° 46’ 06" E, 16 Oct 1994, M.R. 
Williams; Quairading Bushland, 32° OP 17" S, 117° 23' 
17" E, 24 Oct 1995, M.R. Williams; Perth, Neerabup, 
Flynn Drive, 31° 4P 11" S, 115° 47' 49" E, 11 Nov 1995, 

T. F. Houston (WAM); Stirling Range National Park, 
34° 28' 00" S, 118° 03' 40" E, 03 Dec 1999, A.A.E. 
Williams. 

RECENT RECORDS 
Northern localities 

Mount Gibson Station, 29° 22' 36" S, 117° 19' 52" E, 
14 Oct 2001, S.R. Patterson (ANIC); Mount Gibson 
Station, 29° 22' 36" S, 117° 19' 52" E, 03 Oct 2002, S.R. 
Patterson (ANIC); Watheroo National Park, 30° 19' 
04" S, 115° 46' 56" E, 09 Oct 2008, A.A.E. Williams; 
Watheroo National Park, 30° 19' 08" S, 115° 04' 56" E, 
23 Oct 2009, A.A.E. Williams; Badgingarra National 
Park, 30° 32' 55" S, 115° 29' 48" E, 23 Oct 2009, A.A.E. 
Williams; Wicherina Reserve, 28° 44' 00" S, 115° 
OP 02" E, 09 Oct 2010, A.A.E. Williams; Mingenew 
Bushland, 29° 12' 38" S, 115° 26' 39" E, 16 Oct 2010, 
A.A.E. Williams; Enneabba, 29° 47' 14" S, 115° 16' 02" 
E, 25 Oct 2010, A.A.E. Williams; Boonanaring Nature 
Reserve, 31° 12' 53" S, 115° 52' 56" E, 15 Oct 2011, 
A.A.E. Williams; Calingiri, Fordham Road, Bolgart, 
31° 09' 36" S, 116° 29' 30" E, 19 Nov 2011, F. Hort and 
J. Hort; Wyening, Fordham Road, Bolgart, 31° IP 23" 
S, 116° 29' 04" E, 19 Nov 2011, F. Hort and J. Hort; 
Lancelin, 20 km N of town, 30° 52' 20" S, 115° 21' 
59" E, 10 Nov 2012, C.G. Miller; Alexander Morrison 
National Park, 30° 03' 29" S, 115° 40' 27" E, 16 Oct 
2015, A.A.E. Williams; Buntine Water Reserve, 29° 
58' 53" S, 116° 34' 10" E, 16 Oct 2016, J. Hort; Lesueur 
National Park, Mount Peron, 30° 06' 43" S, 115° 09' 05" 
E, 23 Nov 2016, A.A.E. Williams. 

Perth area 

Muchea, Ioppolo Road, 31° 28' 30" S, 115° 59' 56" 
E, 24 Oct 2000, A.A.E. Williams; Muchea, Ioppolo 
Road, 31° 28' 30" S, 115° 59' 56" E, 24 Oct 2000, 
A.A.E. Williams; Perth, Warwick, 31° 50' 08" S, 115° 
48' 59" E, 13 Nov 2002, M.R. Williams; Perth, Trigg 
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Reserve (North), 31° 25' 25” S, 115° 45' 43" E, 22 Nov 
2002, M.R. Williams; Perth, Banksia Grove, 31° 42' 
20" S, 115° 48' 13" E, 26 Nov 2002, A.A.E. Williams; 
Perth, Talbot Road Reserve, 31° 31' 36" S, 115° 41' 15" 
E, 15 Oct 2009, F. Hort and J. Hort; Yanchep National 
Park, 31° 31' 36" S, 115° 4T 15" E, 15 Oct 2009, A.A.E. 
Williams; Perth, Banksia Grove, 31° 41' 42" S, 115° 
48' 46" E, 15 Nov 2009, A.A.E. Williams; Perth, 
Neerabup, Flynn Drive, 31° 41' 11" S, 115° 47' 49" E, 15 
Nov 2009, A.A.E. Williams; Perth, Old Yanchep Road, 
31° 33' 30" S, 115° 41' 43" E, 21 Nov 2009, A.A.E. 
Williams; Perth, Wanneroo, Yanchep Road, 31° 39' 
04" S, 115° 44' 05" E, 21 Nov 2009, A.A.E. Williams; 
Perth, Koondoola Bushland, 31° 50' 13" S, 115° 52' 07" 
E, 29 Octo 2010, A.A.E. Williams; Chittering, Reserve 
Road, 31° 29' 31" S, 115° 59' 52" E, 31 Octo 2010, F. 
Hort and J. Hort; Muchea, Ioppolo Nature Reserve, 31° 
29' 15" S, 115° 58' 13" E, 04 Nov 2010, F. Hort and J. 
Hort; Perth, Koondoola Bushland, 31° 50' 07" S, 115° 
52' 11" E, 17 Oct 2012, A.A.E. Williams; Yanchep, 
Wabling Road, 31° 25' 00" S, 115° 39' 00" E, 08 Nov 
2012, C.G. Miller; Perth, Errina Road Reserve, 31° 49' 
38" S, 116° 51' 34" E, 12 Nov 2012, A.A.E. Williams; 
Perth, Koondoola Bushland, 31° 50' 13" S, 115° 52' 07" 
E, 12 Nov 2012, A.A.E. Williams; Perth, Koondoola 
Bushland, 31° 50' 13" S, 115° 52' 07" E, 05 Dec 2012, 
A.A.E. Williams; Perth, Talbot Road Reserve, 31° 52' 
24" S, 116° 02' 32" E, 16 Dec 2012, A.A.E. Williams. 

Inland Jar rah / Marri / Wandoo forest 
Dryandra State Forest, 32° 45' 29" S, 116° 56' 50" 
E, 15 Nov 2006, A.A.E. Williams; 6 km E of North 
Bannister, 32° 34' 50" S, 116° 30' 34" E, 27 Nov 2006, 
A.A.E. Williams; Narrogin, Quinns Forest Block, 
33° 08' 08" S, 117° 04' 43" E, 25 Nov 2008, A.A.E. 
Williams; Mount Dale, Dale Road, 32° 06' 01" S, 116° 
13' 41" E, 14 Nov 2009, A.A.E. Williams; Narrogin, 
Highbury Forest Block, 33° 04' 39" S, 117° 06' 53" 
E, 16 Nov 2009, A.A.E. Williams; Narrogin, Quinns 
Forest Block, 33° 07' 34" S, 117° 04' 21" E, 16 Nov 
2009, A.A.E. Williams; Powerline Road, Albany 
Highway, 32° 28' 03" S, 116° 19' 08" E, 23 Nov 2009, 
A.A.E. Williams; Tutanning Nature Reserve, 32° 32' 
09" S, 117° 16' 42" E, 24 Nov 2009, A.A.E. Williams; 
Dryandra State Forest, 32° 43' 53" S, 116° 57' 10" E, 
26 Nov 2009, A.A.E. Williams; Brookton Highway, 
32° 15' 31" S, 116° 28' 48" E, 27 Nov 2009, A.A.E. 
Williams; Mount Dale, 32° 07' 28" S, 116° 17' 42" E, 27 
Nov 2009, A.A.E. Williams; 20 km SE of Armadale, 
32° 22' 16" S, 116° 14' 16" E, 28 Nov 2009, A.A.E. 
Williams; Watershed Road, Brookton Highway, 32° 
16' 22" S, 116° 25' 31" E, 02 Dec 2009, F. Hort and J. 
Hort; Brookton Highway, 32° 09' 11" S, 116° 09' 14" E, 
05 Dec 2009, A.A.E. Williams; Armadale, Boundary 
Road, 32° 13' 54" S, 116° 16' 17" E, 14 Dec 2009, F. 


Hort and J. Hort; Wandering, Canning River Road, 32° 
25' 20" S, 116° 23' 03" E, 20 Dec 2009, F. Hort and J. 
Hort; Brookton Highway, Bibbulmun, 32° 12' 08" S, 
116° 17' 37" E, 23 Dec 2009, A.A.E. Williams; Great 
Eastern Highway, The Lakes, 31° 52' 48" S, 116° 19' 
38" E, 30 Oct 2010, A.A.E. Williams; Mount Dale, 
Dale Road, 32° 06' 23" S, 116° 12' 41" E, 18 Dec 2010, 
F. Hort and J. Hort; Clair State Forest, Rutherglen 
Road, 31° 14' 03" S, 116° 16' 32" E, 18 Dec 2010, F. 
Hort and J. Hort; Armadale Forest, Permit Road, 32° 
06' 09" S, 116° 12' 54" E, 18 Dec 2010, F. Hort and J. 
Hort; Wandoo National Park, 32° 06' 18" S, 116° 34' 
32" E, 20 Nov 2011, F. Hort and J. Hort; Sullivan Rock, 
32° 22' 36" S, 116° 15' 08" E, 02 Dec 2011, A.A.E. 
Williams; Sullivan Rock, Millars Log Road, 32° 21' 
55" S, 116° 16' 28" E, 02 Dec 2011, A.A.E. Williams; 
Blue Rock, ENE of Jarrahdale, 32° 19' 40" S, 116° 06' 
52" E, 16 Dec 2011, A.A.E. Williams; 1.6 km NW of 
Sullivan Rock, 32° 22' 16" S, 116° 14' 16" E, 22 Dec 
2011, A.A.E. Williams; Metro Road off Brookton 
Hwy, 32° 14' 55" S, 116° 26' 48" E, 27 Dec 2011, A.A.E. 
Williams; Mount Dale at Bibbulmun Hut, 32° 07' 
56" S, 116° 17' 47" E, 10 Jan 2012, A.A.E. Williams; 
Gidgegannup Swamp, 31° 47' 49" S, 116° 11' 14" E, 21 
Nov 2012, A.A.E. Williams; 7.5 km S of Yournup, 34° 
07' 29" S, 116° 12' 15" E, 20 Nov 2013, M.R. Williams. 
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FIGURE 21 Map of Western Australia showing 

distribution of Synemon sp. 'Perth' species 
complex. 
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Wheatbelt 

Torino Farm, SE of Williams, 33° 10' 33" S, 117° 
03' 29" E, 05 Nov 2003, T.F. Houston; Wyalkatchem 
Nature Reserve, 31° 10' 14" S, 117° 24' 49" E, 23 
Oct 2007, A.A.E. Williams; Manmanning Nature 
Reserve, 30° 54' 49" S, 117° 05' 38" E, 30 Oct 2009, 
A.A.E. Williams; Amery Nature Reserve, 31° 09' 
01" S, 117° 05' 47" E, 30 Oct 2009, A.A.E. Williams; 
Charles Gardner Nature Reserve, 31° 47' 24" S, 117° 
28' 03" E, 05 Oct 2010, A.A.E. Williams; Bencubbin - 
Kellerberrin Road, 31° 29' 42" S, 117° 44' 18" E, 18 Oct 
2010, A.A.E. Williams; Quairading Bushland, 32° OF 
29" S, 117° 22' 12" E, 18 Oct 2010, A.A.E. Williams; 
Wambyn Nature Reserve, 31° 54' 02" S, 116° 38' 08" 
E, 30 Oct 2010, A.A.E. Williams, F. Hort and J. Hort; 
Corrigin Bushland, 32° 20' 18" S, 117° 49' 55" E, 01 
Nov 2010, A.A.E. Williams; Newdegate Town site, 
33° 07' 34" S, 117° 04' 21" E, 02 Nov 2010, A.A.E. 
Williams; Pallarup Nature Reserve, 33° 14' 31" S, 119° 
45' 42" E, 02 Nov 2010, A.A.E. Williams; Bennett’s 
Lake, 33° 16' 49" S, 119° 36' 10" E, 02 Nov 2010, 
A.A.E. Williams; Old Newdegate Road, 33° 16' 17" S, 
119° 38' 38" E, 02 Nov 2010, A.A.E. Williams; Kulin 
Bushland, 32° 39' 49" S, 118° 08' 28" E, 08 Nov 2010, 
A.A.E. Williams; Kukerin Bushland, 33° 10' 58" S, 
118° 05' 00" E, 08 Nov 2010, A.A.E. Williams; Charles 
Gardner Nature Reserve, 31° 47' 27" S, 117° 27' 51" 
E, 12 Nov 2011, A.A.E. Williams; Tarin Rock Nature 
Reserve, 33° 06' 28" S, 118° 12' 25" E, 21 Nov 2011, 
A.A.E. Williams; Lake Ace Nature Reserve, 32° 59' 
33" S, 119° 49' 32" E, 22 Nov 2011, A.A.E. Williams; 
Corrigin Bushland, 32° 20' 18" S, 117° 49' 50" E, 23 
Nov 2011, A.A.E. Williams; Wyalkatchem Water 
Catchment, 31° 10' 14" S, 117° 24' 49" E, 03 Nov 2012, 
A.A.E. Williams; North Tarin Rock Nature Reserve, 
32° 58' 52" S, 118° 16' 01" E, 08 Nov 2012, A.A.E. 
Williams. 

Eastern Wheatbelt/Semi-arid zone 
95 km E of Southern Cross, 31° 12' 47" S, 120° 15' 
32" E, 20 Oct 2010, A.A.E. Williams; Yellowdine 
Nature Reserve, 31° 17' 43" S, 119° 39' 33" E, 21 Oct 
2010, A.A.E. Williams; Queen Victoria Rock, 31° 18' 
03" S, 120° 55' 09" E, 21 Oct 2010, A.A.E. Williams; 
Koorarawalyea, 31° 18' 39" S, 120° 00' 34" E, 20 Oct 
2012, T.F. Houston; 1 km SE of Caenyie Rock, 30° 57' 
03" S, 120° 43' 33" E, 12 Oct 2015, A.A.E. Williams. 

Southern localities 

Camel Lake Nature Reserve, 34° 18' 37" S, 117° 
59' 15" E, 13 Nov 2010, A.A.E. Williams; Cranbrook 
Bushland, 34° 18' 24" S, 117° 33' 55" E, 19 Nov 2010, 
A.A.E. Williams; Stirling Range National Park, 34° 28' 
44" S, 118° 06' 36" E, 25 Nov 2010, A.A.E. Williams. 


Synemon sp. 'Yarloop' 
(Orange-banded Sun-moth) 

Figure 22 

BRIEF DESCRIPTION 

Synemon sp. ‘Yarloop’ is a distinctive species. 
The upper side of the forewing is grey with blackish 
markings. A patch of white subapical spots, and a less 
obvious white median spot, are located near the leading 
edge of the forewing. These are more pronounced 
in females. The base colour on the upper side of the 
hind wing is black. A series of large, usually fused, 
postmedian orange spots form a broad band across the 
lower portion of the hind wing. The outer margin of the 
hind wing also has a row of smaller orange subterminal 
spots. An isolated distinct orange discal spot lies within 
the basal area of the hind wing. The underside of the 
forewing has two very broad parallel orange bands, 
which in females extend across the wing. The outer band 
is usually fused with a row of small orange terminal 
spots along the outer edge of the forewing. The pattern 
on the underside of the hind wing is similar to the upper 
side, but somewhat duller. 

DISTRIBUTION 

Synemon sp. ‘Yarloop’ is a Western Australian 
endemic. It has a near-coastal distribution from 
Badgingarra south to a point 13 km north-north-east 
of Bunbury. Pre-2000, this taxon was known from a 
few localities round Perth, and from Yarloop and near 
Bunbury (ANIC Castniidae database). In recent years 
specimens have been taken 175 kms further north at 
Badgingarra National Park, and at Muchea and Talbot 
Road Nature Reserve at the base of the Darling Scarp 
(Figure 23). Although Yarloop is the earliest dated 
collection site, the species has not been seen there for 
almost 70 years. 

LARVAL FOOD PLANT 

The larval food plant has not been recorded. 

HABITAT 

This species is found in a variety of habitats, almost 
always on sandy soils. At Badgingarra National Park it 
occurs in species rich low heath, while at Boonanaring 
Nature Reserve it is found in mixed Coastal Blackbutt 
(Eucalyptus todtiana ) and Firewood Banksia ( Banksia 
menziesii ) woodland. Near Moore River National Park, 
in the vicinity of Perth, and further south near Bunbury, 
it favours mixed Slender Banksia (. Banksia attenuata ) 
and Firewood Banksia ( B . menziesii ) woodlands. 

BEHAVIOUR AND FLIGHT PERIOD 

This is a conspicuous species. It flies moderately close 
to the ground amongst understory shrubs and sedges in 
open woodland. Males will often use vehicle sand tracks 
and natural passages through the vegetation as flight 
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pathways. Synemon sp. ‘Yarloop’ flies in October or very 
early November. It is usually the first spring flying sun- 
moth to appear, except immediately after a fire, at which 
time Synemon sp. ‘Perth’ takes its place. 

CONSERVATION STATUS 

Not threatened. Although this taxon has a somewhat 
restricted range, it is locally common in near-coastal 
areas north and south of Perth, and is represented 
in national parks, nature reserves, and in nature 
conservation bushland round Perth. There are seven 
historical and 16 recent records. 


HISTORICAL RECORDS 

South Perth, 31° 58' 50" S, 115° 5P 50" E, 04 Oct 1910, 
collector not recorded (WAM); Yarloop, 32° 57 00" S, 
115° 54’ 00 M E, 08 Nov 1948, F.E. Wilson; Leeming, 
32° 05' 00 M S, 115° 5P 00" E, 15 Oct 1982, H. Bollam; 
Mundaring, 31° 54’ 00" S, 116° 10' 00" E, 22 Oct 1985, 
R.W. Hay; Perth, Warwick, 31° 57 00" S, 115° 51’ 00" 
E, 24 Oct 1986, R.W. Hay; 13 km NNE of Bunbury, 33° 
13’ 52" S, 115° 43’ 45" E, 04 Nov 1993, M R. Williams; 
Perth, Koondoola Reserve, 31° 50' 00" S, 115° 45' 00" E, 
18 Oct 1999, D.P.A. Sands. 



FIGURE 22 Synemon sp. 'Yarloop'. A, S Dorsal; B, S Ventral (C0769) Western Australia, Muchea (WAM); 

C, $ Dorsal; D, $ Ventral (Cl935) Western Australia, Boonanaring Nature Reserve (WAM). (Photos: Brian 
Hanich, Western Australian Museum.) 
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FIGURE 23 Map of Western Australia showing 
distribution of Synemon sp. 'Yarloop'. 


RECENT RECORDS 

Badgingarra National Park, 30° 22’ 00" S, 115° 28’ 47” 
E, 23 Oct 2009, A.A.E. Williams; Boonanaring Nature 
Reserve, 31° 12’ 41 M S, 115° 54’ 34 M E, 15 Oct 2011, 
A.A.E. Williams; Boonanaring Nature Reserve, 31° 12' 
24" S, 115° 54' 35" E, 06 Oct 2012, F. Hort and J. Hort; 
2 km N Moore River National Park, 31° OF 04" S, 115° 
43' 12" E, 07 Oct 2010, A.A.E. Williams; 2 km N Moore 
River National Park, 31° OP 04" S, 115° 43' 12" E, 15 Oct 

2011, A.A.E. Williams; Moore River National Park, 31° 
02' 29" S, 115° 43’ 45" E, 25 Oct 2013, A.A.E. Williams; 
Muchea, Great Northern Highway, 31° 30’ 36" S, 116° 02’ 
13" E, 15 Oct 2011, A.A.E. Williams; Muchea, Ioppolo 
Road, 31° 28’ 45" S, 115° 59' 52" E, 17 Oct 2008, A.A.E. 
Williams; Muchea, Ioppolo Road, 31° 28’ 44" S, 115° 59' 
54" E, 01 Oct 2010, A.A.E. Williams; Muchea, Reserve 
Road, 31° 28’ 58" S, 115° 59’ 55" E, 01 Oct 2010, A.A.E. 
Williams; Perth, Gnangara Bushland, 31° 48' 27" S, 
115° 52’ 37" E, 10 Oct 2003, A.A.E. Williams; Perth, 
Landsdale Reserve, 31° 49’ 10" S, 115° 50' 53" E, 18 Oct 

2012, A.A.E. Williams; Perth, Marangaroo Reserve, 31° 
49’ 29" S, 115° 50' 08" E, 07 Oct 2011, A.A.E. Williams; 
Perth, Errina Road Reserve, 31° 28' 58" S, 115° 59' 55" E, 
02 Nov 2009, C.L. Bishop, T. Gamblin and M. Williams; 
Perth, Koondoola Bushland, 31° 50' 14" S, 115° 52' 07" 
E, 12 Oct 2008, A.A.E. Williams; Perth, Talbot Road 
Reserve, 31° 52' 27" S, 116° 02' 42" E, 14 Oct 2012, F. 
Hort and J. Hort. 


Synemon directa species group 

Synemon directa Westwood 1877 
(White-banded Sun-moth) 

Figure 24 

BRIEF DESCRIPTION 

Synemon directa is a large, distinctively marked 
sun-moth. In both sexes, the upper side of the forewing 
is uniform grey-brown, females having two oblique 
white bands and males (usually) one. The upper side of 
the hind wing is dark grey-brown, with bright orange 
markings that are more pronounced in females. The 
female underside is also bright orange-brown, with 
narrow dark markings. Males are much darker below. 

DISTRIBUTION 

Synemon directa is a Western Australian endemic. 
It has a predominantly near-coastal distribution in 
the south-west and south of the State. The species has 
been recorded from the Swan River southwards to 
Dunsborough and Eagle Bay, and eastwards to Walpole, 
Denmark and Albany. It has been found as far inland 
as Mount Dale and North Bannister, as well as from 
Hoffman’s Mill and Stirling Range National Park. A 
single specimen is known from east of Esperance, at 
Hellfire Bay in Cape Le Grand National Park (ANIC 
Castniidae database; Atlas of Living Australia website) 
(Figure 25). 

LARVAL FOOD PLANT 

The larval food plants are Coast Sword-sedge 
Lepidosperma gladiatum Labill and Four-sided Sedge 
Lepidosperma tetraquetrum Nees. 

HABITAT 

Synemon directa occurs in a range of habitats. 
Along the west and south coasts the species frequents 
coastal dunes and wetland areas, where L. gladiatum 
is common. Further inland from Perth, it is found in 
Jarrah ( Eucalyptus marginata ) and Marri ( Corymbia 
calophylla ) forest, and alongside small freshwater 
streams on the Darling Scarp where Lepidosperma 
tetraquetrum is often common. 

BEHAVIOUR AND FLIGHT PERIOD 

In coastal sites and along streams on the Darling 
Scarp, adults are generally found in the vicinity of the 
tall sedges on which they breed. They are most active 
in the middle of the day, between 11:00 and 15:00 
WST. Mass emergences occur occasionally in the 
Jarrah forests east and south of Perth (A.A.E. Williams, 
personal observation, January 2012). At such times 
the sun-moths disperse widely and may be seen flying 
along forest tracks, or congregating in the vicinity of 
exposed granite outcrops in the forest. Adults sometimes 
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fly several kilometres from their breeding habitat (E.D. 
Edwards, personal communication, 2013). Synemon 
directa is known to feed readily on flowers; a female 
was observed and photographed feeding on the flowers 
of Hakea ruscifolia on the Darling Scarp east of Perth 
(Jean Hort, personal observation, 2008), and another was 
observed feeding on Eucalyptus patens flowers along a 
stream near Mundaring Weir (A.A.E. Williams, personal 
observation, 2016). The peak flying time is December 
to January, with occasional records in November and in 
late February to early March. 


CONSERVATION STATUS 

Not threatened. Synemon directa is locally common 
along watercourses and moist areas where one or both 
of its larval food plant sedges, L. gladiatum and L. 
tetraquetrum, are present. This taxon is well represented 
in the conservation estate and State forest. There are 40 
historical and 20 recent records. 

HISTORICAL RECORDS 

Australia, location and date not recorded, collector 
unknown (in HEC Oxford); King George Sound, 35° 
03' 00" S, 117° 58' 00" E, date not recorded, collector 



FIGURE 24 Synemon directs. A, $ Dorsal; B, o? Ventral (C2802) Western Australia, Hoffman's Mill (WAM); C, $ Dorsal; 

D, ^ Ventral (C2925) Western Australia, Capel (WAM). (Photos: Brian Hanich, Western Australian Museum.) 
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FIGURE 25 Map of Western Australia showing 

distribution of Synemon directa. 


unknown; Margaret River District, 33° 58' 00" S, 115° 03' 
00" E, date not recorded, collector unknown; Waroona, 
32° 51' 00" S, 115° 55' 00" E, 28 Dec 1904, G.F. Berthoud; 
Hamel, 32° 52' 00" S, 115° 55’ 00" E, 01 Jan 1907, G.F. 
Berthoud; Wilsons Inlet (Denmark), 34° 58' 00" S, 117° 
21' 00" E, 27 Dec 1912, S.W. Jackson (AM); Bow River, 
34° 55' 00" S, 116° 56' 00" E, 31 Dec 1912, S.W. Jackson 
(AM); Hamel, 32° 52' 00" S, 115° 55' 00" E, 14 Dec 1913, 

R. Illidge; Yallingup, 33° 39' 00" S, 115° OF 00" E, 23 
Dec 1913, R.T. Turner; Parkerville, 31° 53' 00" S, 116° 08' 
00" E, 08 Jan 1926, W.B. Barnard; Waroona, 32° 51' 00" 

S, 115° 55' 00" E, 14 Jan 1926, W.B. Barnard; Armadale, 
32° 09' 00" S, 116° 00' 00" E, 07 Jan 1936, K.R Norris; 
Denmark (general), 34° 58' 00" S, 117° 21' 00" E, 11 Dec 
1962, F.E. Parsons; Deepdene (Deepdene Cave), 34° 16' 
00" S, 115° 03' 00" E, 08 Feb 1963, L.M. O'Halloran; 1 
mile W of Mundaring Weir, 31° 57' 00" S, 116° 09' 00" E, 
06 Mar 1963, J. Dell; Deepdene, Karridale, 34° 12' 00" S, 
115° 06' 00" E, 17 Jan 1967, M.S. Upton; Serpentine Falls, 
32° 22' 00" S, 116° 02' 00" E, 20 Jan 1971, G.A. Holloway 
(UQ); Dwellingup (general), 32° 43' 00" S, 116° 04' 00" 
E, 31 Dec 1972, S.M. Wallace; Eagle Bay, Naturaliste, 
32° OF 00" S, 115° 27' 00" E, 15 Jan 1974, M. Grimm 
(DAFC); Nornalup, Valley of the Giants, 35° 00' 00" S, 
116° 49' 00" E, 18 Jan 1974, J.S. Womersley (SAM); 27 
km N of Mandurah, 32° 17' 00" S, 115° 43' 00" E, 18 Nov 
1975, K.A. Spencer (WAM); Boulder Rock, Brookton 
Highway, 32° 18' 00" S, 116° 34' 00" E, 13 Jan 1978, K.T. 
Richards; Walpole, 34° 59' 00" S, 116° 44' 00" E, 24 Jan 
1979, R.P. McMillan (WAM); Bluff Knoll, Stirling Range 
National Park, 34° 22' 00" S, 118° 15' 00" E, 31 Dec 1985, 


M.J. Lewis; 15 km NNE of Albany, 34° 55' 00" S, 117° 
56’ 00" E, 16 Jan 1987, G. Daniels, A. Daniels (UQ); 
Hellfire Bay, Cape Le Grand National Park, 34° Of 00" 
S, 122° 10' 00" E, 20 Dec 1989, R.P. Field; Broke Inlet, 
34° 56' 00" S, 116° 27' 00" E, 16 Jan 1991, M.S. Moulds 
and B. J. Moulds; 1 km N of Crystal Springs, 34° 59' 00" 
S, 116° 36' 00" E, 05 Jan 1993, E D. Edwards and E.S. 
Nielsen; Hooper Road, Albany, 34° 58' 00" S, 117° 55' 
00" E, 21 Jan 1993, E D. Edwards; 7 km W of Walpole, 
34° 59' 00" S, 116° 39’ 00" E, 25 Jan 1993, E D. Edwards 
and E.S. Nielsen; Swan River, 31° 51' 00" S, 116° 00' 00" 

E, date not recorded, L.J. Newman; Albany, 35° 00' 00" 
S, 117° 52' 00" E, date not recorded, L.J. Newman; Deep 
River, 34° 50' 00" S, 116° 33' 00" E, date not recorded, 

F. L. Whitlock; Nornalup, 35° 00' 00" S, 116° 49' 00" E, 
date not recorded, PN Forte (DAFC); Bridgetown, 33° 
58' 12" S, 116° 07' 48" E, date not recorded, H. Bracken; 
Pickering Brook, 32° 02' 00" S, 116° 06' 00" E, date not 
recorded, R.C. Owen (WAM); Dunsborough, 33° 37' 00" 
S, 115° 06' 00" E, date not recorded, R.W. Hay; Manjedal 
Brook Scout Camp, 32° 17' 08" S, 116° 02' 33" E, 31 Dec 
1993, M.R. Williams; Manjedal Brook Scout Camp, 32° 
17' 08" S, 116° 02' 33" E, 20 Jan 1994, M.R. Williams; 
Capel Beach, 33.54999° S, 115.550003° E, 30 Dec 1995, 
A.A.E. Williams. 

RECENT RECORDS 

10 km W of Christmas Tree Well, 32° 12' 41" S, 116° 19' 
06" E, 09 Jan 2009, P. Hutchinson; Manjedal Brook, 32° 
17' 17" S, 116° 02' 13" E, 08 Jan 2010, A.A.E. Williams; 
Walpole, Crystal Springs, 34° 57' 18" S, 116° 36' 13" E, 
24 Nov 2010, A.A.E. Williams; Brady State Forest, 32° 
16' 05" S, 116° 21' 03" E, 06 Jan 2011, F. Hort and J. Hort; 
11 km N of North Bannister, 32° 28' 56" S, 116° 27' 09" 
E, 08 Jan 2011, F. Hort and J. Hort; 2 km NW of North 
Bannister, 32° 33' 50" S, 116° 25' 50" E, 10 Jan 2011, F. 
Hort and J. Hort; Lesley State Forest, Kinsella Road, 
32° 10' 53" S, 116° 11' 27" E, 26 Jan 2011, F. Hort and J. 
Hort; Mount Dale, Bibbulmun Track, 32° 07' 46" S, 116° 
17' 23" E, 02 Jan 2012, A.A.E. Williams; Omeo Road, 
SW of Mount Dale, 32° 09' 03" S, 116° 17' 14" E, 10 Jan 
2012, A.A.E. Williams; Mount Dale, near summit, 32° 
07' 23" S, 116° 17' 37" E, 13 Jan 2012, A.A.E. Williams; 
Brookton Highway, State Forest, 32° 11' 09" S, 116° 15' 
50" E, 18 Jan 2012, F. Hort and J. Hort; Nanga Brook, NE 
of Waroona, 32° 49' 40" S, 115° 57' 34" E, 26 Jan 2012, 
A.A.E. Williams; Hoffman’s Mill, 32° 59' 15" S, 116° 05' 
21" E, 12 Jan 2013, A.A.E. Williams; Dunsborough, 33° 
37' 33" S, 115° 07' 39" E, 26 Jan 2013, A.A.E. Williams; 
Capel, Peppermint Grove, 33° 30' 58" S, 115° 31' 05" E, 
28 Jan 2013, A.A.E. Williams; Perth, Gosnells Regional 
Park, 32° 05' 20" S, 116° 02' 08" E, 14 Jan 2015, A.A.E. 
Williams; Mundaring Weir Road, Mundaring, 31° 56' 18" 
S, 116° 10' 53" E, 11 Dec 2015, A.A.E. Williams; Fred 
Jacoby Forest Park, Mundaring, 31° 56' 49" S, 116° 10' 33" 
E, 17 Dec 2015, A.A.E. Williams; Ashendon Road, SSE 
of Mundaring, 32° 00' 51" S, 116° 11' 29" E, 02 Jan 2016, 
A.A.E. Williams; South Ledge Road, Mundaring, 31° 57' 
51" S, 116° 09' 10" E, 05 Jan 2016, A.A.E. Williams. 
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Synemon sp. 'Victoria Rock' 
(Goldfields Sun-moth) 

Figure 26 

BRIEF DESCRIPTION 

Synemon sp. ‘Victoria Rock’ is a large, distinctive sun- 
moth. In both sexes the upper side of the forewing is a 
uniform pale grey-brown, with two oblique broad white 
cross bands. The basal area and broad inner margin on 
the upper side of the hind wing is pale grey-brown. The 
remaining portion of the hind wing is bright orange- 
brown, with two contrasting black bands. The central 


median black band has a very distinctive curved-angular 
shape, while the outer subterminal band is relatively 
straight. In females the orange-brown terminal margin 
is segmented by a series of narrow black radiating vein 
lines. Males are less clearly patterned along the outer 
margin of the hind wing. In very fresh specimens the 
scale fringe on the edge of the wings is grey and white. 
In both sexes, the basal area on the underside of both 
wings is whitish-grey, merging to yellowish-orange and 
then orange along the outer margin. The underside of the 
forewing has two distinct pale bands, which are in the 
same position as the upperside white bands. These pale 



FIGURE 26 Synemon sp. 'Victoria Rock'. A, <$ Dorsal; B, <$ Ventral (C2303) Western Australia, Boondi Rock (WAM); 

C, $ Dorsal; D, $ Ventral (C2307) Western Australia, Boondi Rock (WAM). (Photos: Brian Hanich, Western 
Australian Museum.) 
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Albany 


FIGURE 27 Map of Western Australia showing 

distribution of Synemon sp. 'Victoria Rock'. 

underside bands are broadly edged in black. The hind 
wing is less heavily marked. This species superficially 
resembles S. directa. 

DISTRIBUTION 

This species is confined to the inland Goldfields and 
Great Western Woodlands of Western Australia. It was 
initially recorded from Queen Victoria Rock and Burra 
Rock near Coolgardie (ANIC Castniidae database). 
More recently, populations have been located at several 
new sites: Boondi Rock and Boorabbin Rock north of 
the Great Eastern Highway, an unnamed rock 8 km 
west-north-west of Caves Hill, a large unnamed rock 5 
km south of Burra Rock, and McDermid Rock alongside 
the Hyden-Norseman Road (Figure 27). 

LARVAL FOOD PLANT 

The larval food plant is a large tall shiny-leafed sedge, 
Lepidosperma drummondii Benth. Mature larvae have 
been found in tunnels inside the leaf bases, and pupae 
within vertical tubular shelters at the base of the leaves. 

HABITAT 

Synemon sp. ‘Victoria Rock’ is found in the vicinity of 
granite outcrops where its large larval food plant sedge 
is well established. These sedges generally grow at the 
base of the rocks, or along natural channels in the rock 
where soil has accumulated and a seasonal water run off 
is available. 


BEHAVIOUR AND FLIGHT PERIOD 

This is a large, fast flying sun-moth. Adults are active 
in hot sunny conditions in the vicinity of the larval food 
plant sedges. Males may be seen flying over the rocks or 
alongside belts of sedges in search of freshly emerged 
females. The flight period is from February to March, 
but the emergence times are unpredictable, and may 
vary considerably from year to year. On 15 February 
2015 the species was common on a granite rock 8 km 
west-north-west of Caves Hill. On the same day the 
following year, in apparently ideal conditions, the sun- 
moths were absent. This indicates that there must be 
factors which influence emergence about which we 
know very little. 

CONSERVATION STATUS 

Data deficient. At present this taxon is known from 
a few granite outcrops in the Goldfields and Great 
Western Woodlands of Western Australia. Further 
exploration of other rocky outcrops in the region is 
needed to establish its distributional boundaries. There 
are two historical and five recent records. 

HISTORICAL RECORDS 

Burra Rock, 31° 23' 00” S, 121° 12’ 00" E, 20 Mar 
1988, A.J. Graham; Queen Victoria Rock, 31° 17' 32" 
S, 120° 55' 32" E, 12 Mar 1996, E D. Edwards and E.S. 
Nielsen. 

RECENT RECORDS 

Boondi Rock, Coolgardie, 31° 10' 41" S, 120° 22' 56" 
E, 21 Feb 2012, A.A.E. Williams; McDermid Rock, 
32° 0T 16" S, 120° 44' 21" E, 13 Feb 2015, A.A.E. 
Williams; Granite Rock, 8 km WNW Caves Hill, 31° 
37' 32" S, 121° 08' 41" E, 15 Feb 2015, A.A.E. Williams; 
Boorabbin Rock, 31° 12' 03" S, 120° 17' 15" E, 19 Feb 
2015, A.A.E. Williams; Granite Rock, 5 km S of Burra 
Rock, 31° 26' 22" S, 121° IF 19" E, 13 Feb 2015, A.A.E. 
Williams. 


Synemon magnifies species group 

Synemon notha Westwood 1877 
(Anzac Sun-moth) 

Figure 28 

BRIEF DESCRIPTION 

This small sun-moth with rounded wings has a 
wingspan of approximately 30 mm. The upper side of 
the forewing is grey to grey-brown, delicately patterned 
with blackish markings. The hind wing base colour is 
dark grey-brown, with a prominent submedian discal red- 
orange spot near the costa, and a broad central postmedian 
red-orange band. The grey-brown outer border encloses 
a series of small, orange spots. The underside is orange 
to orange-brown, with bold blackish markings and a few 
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small white spots. The outer edge of both wings is lined 
with a series of orange-white spots. The common name 
Anzac Sun-moth’ commemorates the Australian and New 
Zealand ANZAC troops who departed from King George 
Sound for Gallipoli in late 1914. 

DISTRIBUTION 

Synemon notha is a Western Australian endemic. It 
has a predominantly south coastal distribution, having 
been recorded from Kalgup near Busselton east to 
Albany and Cape Riche. It has also been recorded 
inland at Stirling Range National Park, Mordetta Nature 


Reserve, and 8 km east of Pingaring (ANIC Castniidae 
database). The most recent record is from the Hooper 
Road Bushland near Albany (Williams and Williams 
2016b) (Figure 29). 

LARVAL FOOD PLANT 

The larval food plant has not been recorded. 

HABITAT 

At Hooper Road S. notha is found in the ecotone 
between winter-wet, species rich sedgeland and mixed 
Eucalyptus and Allocasuarina forest. In Stirling Range 



FIGURE 28 Synemon notha. A, S Dorsal; B, (^Ventral (ANIC31014776) Western Australia, Hooper Road, Albany (ANIC); 

C, $ Dorsal; D, $ Ventral (ANIC31014778) Western Australia, Hooper Road, Albany (ANIC). (Photos:You NingSu, 
CSIRO, Canberra.) 
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FIGURE 29 Map of Western Australia showing 

distribution of Synemon notha. 

National Park, specimens have been collected along 
roadside drainage ditches on the low heathland flats 
south of the range, and in an old gravel extraction site on 
the northern boundary of the national park. 

BEHAVIOUR AND FLIGHT PERIOD 

This species is only active in sunny conditions 
between 10:00 and 15:00 WST. Adults fly very close 
to the ground. At inland localities the species flies in 
November and December. On the coast near Albany 
it has been recorded mainly in January, though there 
are two historical records in late February and early 
March. 

CONSERVATION STATUS 

Data deficient. Targeted searches for S. notha in 
recent years have failed to locate this iconic species, 
which suggests it may now be very uncommon. In 
Stirling Range National Park it has been recorded on 
only two occasions. The winter-wet locality at Hooper 
Road near Albany has suffered from inappropriate use 
by off-road vehicles. Searches in nearby Gull Rock 
Nature Reserve, Two Peoples Bay Nature Reserve and 
near Walpole have so far failed to locate any further 
populations. The sun-moth appears to be extinct at its 
historical site of King George Sound. There are 13 
historical and one recent records. 


HISTORICAL RECORDS 

Albany, King George Sound, 35° 00' 00 M S, 117° 
52' 00" E, date not recorded, collector unknown 
(MM); Albany, 35° 00' 00" S, 117° 52' 00" E, date 
not recorded, collector unknown (HEC); Cape Riche, 
34° 37' 00" S, 118° 47' 00" E, January 1913, collector 
unknown (HEC); Albany, 35° 00' 00" S, 117° 52' 00" 
E, 02 Mar 1926, W.B. Barnard (QM); Kalgup, E of 
Busselton, 34° 44' 00" S, 115° 23' 00" E, 23 Feb 1928, 
J.K. Ewers; Albany, 35° 00' 00" S, 117° 52' 00" E, 08 
Jan 1935, K.R. Norris; 5 miles E of Pingaring, 32° 
45' 00" S, 118° 42' 00" E, 12 Nov 1978, M. Powell; 
Mordetta, 32° 52' 00" S, 118° 33' 00" E, 12 Nov 1978, 
M. Golding; 14 km W of Albany, 34° 59' 00" S, 117° 45' 
00" E, 08 Jan 1986, G. Daniels and A. Daniels (QM); 
Albany, Hooper Road, 34° 58' 00" S, 117° 55' 00" E, 18 
Jan 1993, E.D. Edwards; Albany, Mount Adelaide, 35° 
02' 00" S, 117° 54' 00" E, 22 Jan 1993, E.D. Edwards; 
Stirling Range National Park, 34° 19' 43" S, 117° 50' 
32" E, 04 Nov 1997, A.A.E. Williams; Stirling Range 
National Park, 34° 28' 44" S, 118° 07' 34" E, 22 Dec 
1997, A.A.E. Williams. 

RECENT RECORDS 

Albany, Hooper Road Bushland, 34° 58' 12" S, 117° 55' 
11" E, 23 Jan 2010, A.A.E. Williams. 

Synemon sp. 'Moirs Rock # 

(Royal Sun-moth) 

Figure 30 

BRIEF DESCRIPTION 

Synemon sp. ‘Moirs Rock’ is a very large sun-moth. 
In males the wingspan varies from 45 to 50 mm, while 
females may sometimes have wingspans over 60 mm. 
The upper side of their elongate forewings is dark grey, 
with or without faint blackish or whitish markings. 
The upper surface of the hind wing is blackish, with 
bold orange-red markings. The underside is variably 
patterned with orange and grey-black markings, often 
flecked with small white spots. Interestingly, specimens 
from Kukerin, Nyabing and Peak Charles National Park 
are noticeably larger than those collected elsewhere. 
This may simply reflect the very large sedge used as the 
larval food plant at these localities. 

DISTRIBUTION 

This sun-moth has a wide, though disjunct, 
distribution across south-western Western Australia. 
The first specimen was collected in the Murchison 
district during the Elder Expedition in 1892. A precise 
locality was not recorded for this northernmost record, 
so it has not been plotted on our species distribution 
map. Since then S. sp. ‘Moirs Rock’ has only been 
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found further south: from the Darling Scarp and forest 
sites inland of Perth, from the Wheatbelt near Southern 
Cross, from Kukerin bushland and Nyabing bushland, 
and further east from Peak Charles National Park, Moirs 
Rock, and Jimberlana Hill near Norseman (Figure 31). 

LARVAL FOOD PLANT 

Near Perth, the larval food plant is a large unidentified 
species of Lepidosperma sedge with viscous leaf 
bases. In the central and southern Wheatbelt and at 
Peak Charles National Park, the larval food plant is 
Sticky Sword Sedge Lepidosperma sanguinolentum 



K.L Wilson, (previously Lepidosperma viscidum, Greg 
Keighery, personal communication, 2014). Leaves of 
this sedge can easily be extracted from the main plant, 
displaying their orange-brown, viscous leaf-bases. At 
Jimberlana Hill the shiny-leafed larval food plant is an 
undescribed species of Lepidosperma (Greg Keighery, 
personal communication, 2015). 

HABITAT 

Synemon sp. ‘Moirs Rock’ is found in differing 
habitats, dependent upon the location of the various 
large sedges upon which the larvae feed. In the west, 



FIGURE 30 Synemon sp. 'Moirs Rock'. A, S Dorsal; B, c? Ventral (C0285) Western Australia, Kukerin Bushland (WAM); 

C, $ Dorsal; D, $ Ventral (C0293) Western Australia, Western Australia, Kukerin Bushland (WAM). (Photos: 
Brian Hanich, Western Australian Museum.) 
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FIGURE 31 Map of Western Australia showing 

distribution of Synemon sp. 'Moirs Rock'. 

near Perth, it is found round granite rocky outcrops, 
both within the Jarrah (Eucalyptus marginata ) forest 
and on the edge of the Darling Scarp. There, the larval 
food plant sedges grow at the base of the rocks or in 
drainage channels on the rocks where sufficient soil 
has accumulated to support them. In the central and 
southern Wheatbelt and at Peak Charles National Park, 
the sun-moths are found in mallee woodland, where the 
large sedge larval food plants are usually a dominant 
component of the understory. At Jimberlana Hill, the 
larval food plant sedge is widespread and dominant on 
the granitic gneiss rocky hillslopes. 

BEHAVIOUR AND FLIGHT PERIOD 

This summer flying sun-moth is active in hot sunny 
conditions from mid-morning to mid-afternoon. In 
mallee woodland sites in the Wheatbelt, males fly openly 
amongst the large sedge food plants; the females are less 
frequently seen. On the granite outcrops of the Darling 
Scarp males establish territories on hilltops if the larval 
food plant sedge is growing nearby. On the upper slopes 
of Jimberlana Hill the males do not hold territories, 
but course widely over the large expanses of available 
sedge food plant. On very hot days adults rest on the 
cooler, shaded side of burnt upright mallee stags (E.D. 
Edwards, personal communication, 2013). This species 
flies primarily in January and has a flying period of 
approximately two weeks. 


CONSERVATION STATUS 

Data deficient. Synemon sp. ‘Moirs Rock’ has a 
wide but disjunct distribution. It may be secure, as it 
occurs in two national parks, but further surveys are 
required to confirm whether it is present in additional 
conservation estate. Although a known larval food plant, 
L. sanguinolentum, is reasonably common in the central 
and southern Wheatbelt, the plant’s presence does not 
guarantee the presence of the sun-moth. There are six 
historical and 11 recent records. 

HISTORICAL RECORDS 

Murchison District, location not recorded, February 
1892, R. Helms (Elder Expedition) (SAM); Moirs Rock, 
NW of Salmon Gums, 32° 39' 00” S, 121° 25’ 00" E, 01 
Jan 1986, G. Daniels and A. Daniels (UQ); Norseman, 
Jimberlana Hill, 32° 08’ 50” S, 121° 48’ 00" E, 12 Jan 
1993, E.D. Edwards and E.S. Nielsen; Moirs Rock, 32° 
39’ 00" S, 121° 25' 00" E, 13 Jan 1993, E.D. Edwards, 
E.S. Nielsen; 60 km E of Hyden, 32° 25' 00" S, 119° 28’ 
00" E, 30 Jan 1993, E.D. Edwards, E.S. Nielsen; Mount 
Cook, 32° 15' 36" S, 116° If 24" E, 28 Jan 1993, E.D. 
Edwards and E.S. Nielsen. 

RECENT RECORDS 

Peak Charles National Park, 33° 5P 11" S, 121° 10' 
31" E, 08 Jan 2011, A.A.E. Williams; Sullivan Rock, 
Albany Highway, 32° 22' 35" S, 116° 15' 12" E, 15 Jan 

2011, A.A.E. Williams; Nyabing Bushland, 33° 32' 58" S, 
118° 09' 48" E, 17 Jan 2011, A.A.E. Williams; Serpentine 
National Park, 32° 19' 06" S, 116° 02' 36" E, 02 Jan 2012, 
A.A.E. Williams; 6 km E of Jarrahdale, 32° 20' 06" S, 
116° 07' 50" E, 09 Jan 2012, A.A.E. Williams; Blue Rock, 
ENE of Jarrahdale, 32° 19' 42" S, 116° 06' 54" E, 09 Jan 

2012, A.A.E. Williams; Abyssinia Rock, 32° 14' 10" S, 
116° 17' 36" E, 05 Jan 2013, A.A.E. Williams; Norseman, 
near Jimberlana Hill, 32° 08' 24" S, 121° 50' 47" E, 07 Jan 
2015, A.A.E. Williams; Dulyalbin Rock, SW Southern 
Cross, 31° 34' 10" S, 118° 59' 42" E, 13 Jan 2016, A.A.E. 
Williams; Cramphorne Road, Southern Cross, 31° 48' 25" 
S, 119° 17' 07" E, 14 Jan 2016, A.A.E. Williams; Nulla 
Nulla South Rd, Southern Cross, 31° 49' 33" S, 119° 01' 
06" E, 27 Jan 2016, A.A.E. Williams. 


Synemon sp. 'Mount Dale' 
(Semaphore Sun-moth) 

Figure 32 

BRIEF DESCRIPTION 

This is a very distinctive, medium sized sun-moth, 
with a wingspan varying from 40 to 46 mm. The sexes 
are similar, though males are usually smaller than 
females. The upper side of the forewing is generally 
dark grey with blackish markings. Most individuals have 
distinct median and subapical white patches near the 
leading edge of the forewing. Three contrasting fused 
pale grey postmedian patches, each with a black central 
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eyespot, are located towards the dorsum on the forewing 
(see Figure 32 A/C). The ground colour on the upper 
hind wing is blackish with bold orange markings. On the 
underside the basal area of both wings is orange-brown. 
The remainder of the underside has a patchwork of black 
and dull orange markings, sparsely dotted in white. The 
presence of a silvery white strip along the outer dorsum 
of the forewing is almost always a good diagnostic 
character. Specimens from an isolated northern colony 
in Lesueur National Park, 220 km north-north-west of 
Perth, have much more extensive white markings on the 
underside of their wings. 


DISTRIBUTION 

There are early records of S. sp. ‘Mount Dale’ from 
Kalamunda and Hovea on the Darling Scarp, inland 
at Mount Dale and north of Bannister, and nearer the 
coast at Yarloop (ANIC Castniidae database). There 
are recently recorded intermediate populations as 
well as confirmation of the continued presence of 
an isolated northern population at Mount Peron in 
Lesueur National Park. Although the larval food plant 
is common in the south-west and south coastal areas, 
the sun-moth has not been recorded south of Yarloop 
(Figure 33). 



FIGURE 32 Synemon sp. 'Mount Dale'. A, S Dorsal; B, c? Ventral (C2673) Western Australia, Jarrahdale (WAM); C, $ Dorsal; 

D, $ Ventral (Cl294) Western Australia, Metro Road, Brookton Highway (WAM). (Photos: Brian Hanich, 
Western Australian Museum.) 
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Albany 


FIGURE 33 Map of Western Australia showing 

distribution of Synemon sp. 'Mount Dale'. 

LARVAL FOOD PLANT 

The larval food plant is the large prominent semaphore 
sedge Mesomelaena tetragona (R. Br.) Benth., which 
often grows on laterite, or on sand with a laterite 
component. 

HABITAT 

In its cluster of southern localities, S. sp. ‘Mount 
Dale’ is invariably found in Marri ( Corymbia 
calophylla ) and/or Jarrah (Eucalyptus marginata) 
dominated forest or woodland where the understory 
has a major component of M. tetragona. The isolated 
northern sun-moth population at Mount Peron occurs 
in low species rich heathland on an upper hill slope, 
where surface laterite outcrops through the sand. 
Mesomelaena tetragona is locally common at this 
site. Because sun-moths have an obligate dependence 
on suitable plants for breeding, the distribution of the 
larval food plant(s) determines the potential habitat 
(Williams M. et al. 2012). In this case the distribution 
of M. tetragona enables S. sp. ‘Mount Dale’ to occupy 
both sheltered woodland habitats in the south and very 
exposed windswept low heathland in the north. 

BEHAVIOUR AND FLIGHT PERIOD 

This fast flying sun-moth is active in sunny 
conditions. In woodland localities near Perth, males 
establish territories, which they actively defend against 
other, intruding males. They frequently settle with 
wings closed on fallen sticks or the upright stems of 


semaphore sedges, where they resemble the dark sedge 
seed-head. At the peak of the flight period the species 
may be locally common. At the isolated Mount Peron 
site, S. sp. ‘Mount Dale’ flies in late November and 
early December, and because of the frequent windy 
conditions tends to fly close to the ground, where there 
is some shelter from the from wind. The main flight 
period further south is late December and January. 
Occasionally late flying individuals are seen in early 
February. 

CONSERVATION STATUS 

Not threatened. Although this taxon has a relatively 
small range, it occurs in conservation estate including 
State forest and national parks. The common name 
‘Semaphore Sun-moth’ denotes the sun-moth’s larval 
food plant, the large semaphore sedge M. tetragona. 
There are seven historical and 16 recent records. 

HISTORICAL RECORDS 

Kalamunda, 31° 58' 00” S, 116° 03’ 00” E, 01 Jan 
1926, W.B. Barnard (QM); Hovea, 31° 53’ 00" S, 116° 
16' 00" E, 25 Jan 1934, K.R. Norris; North of Bannister, 
coordinates not recorded, 05 Jan 1961, M.S. Moulds; 
Mount Peron, 30° 07' 00" S, 115° 09' 00" E, 28 Nov 
1978, collector unknown; Mount Cook, 32° 25' 00" 
S, 116° 08' 00" E, 23-25 Jan 1985, S. Barker and R.P 
McMillan (WAM); Mount Dale, 32° 08' 00" S, 116° 18' 
00" E, 29 Dec 1987, R.W. Hay; Yarloop, 32° 57' 00" 
S, 115° 54' 00" E, 11 Jan 1991, M.S. Moulds and B.J. 
Moulds. 

RECENT RECORDS 

Metro Road, near Brookton Highway, 32° 14' 55" S, 
116° 26' 47" E, 31 Dec 2010, A.A.E. Williams; Base of 
Mount Dale, Bibbulmun Hut, 32° 07' 56" S, 116° 17' 47" 
E, 02 Jan 2012, A.A.E. Williams; 1.1 km S of Blue Rock, 
Jarrahdale, 32° 20' 21" S, 116° 06' 49" E, 16 Jan 2012, 
A.A.E. Williams; Brookton Highway, 32° 10' 28" S, 116° 
14' 07" E, 17 Jan 2012, A.A.E. Williams; Roleystone, 
Canning Mills Road, 32° 05' 50" S, 116° 02' 49" E, 17 Jan 
2012, A.A.E. Williams; State Forest, Kinsella Road, 32° 
IF 30" S, 116° IF 29" E, 17 Jan 2012, A.A.E. Williams; 
Brookton Highway, 32° IF 22" S, 116° 15' 31" E, 18 Jan 
2012, F. Hort and J. Hort; Korung National Park, 32° 03' 
29" S, 116° 06' 21" E, 19 Jan 2012, A.A.E. Williams; 36 
km E of The Lakes, 31° 52' 46" S, 116° 23' 11" E, 21 Jan 
2012, A.A.E. Williams; John Forrest National Park, 31° 
53' 56" S, 116° 05' 24" E, 21 Jan 2012, A.A.E. Williams; 
Mundaring Weir Road, 31° 56' 06" S, 116° 10' 55" E, 21 
Jan 2012, A.A.E. Williams; Gibbs Forest, Watershed 
Road, 32° 24' 38" S, 116° 25' 17" E, 11 Feb 2012, A.A.E. 
Williams; 9 km NW of North Bannister, 32° 30' 57" S, 
116° 22' 43" E, 01 Jan 2013, A.A.E. Williams; Lesueur 
National Park, Mount Peron, 30° 06' 41" S, 115° 09' 06" E, 
04 Dec 2014, A.A.E. Williams; 1.3 km S of Chidlow, 31° 
52' 30" S, 116° 15' 46" E, 15 Jan 2015, A.A.E. Williams; 
Greenmount National Park, 31° 54' 28" S, 116° 04' 11" E, 
20 Jan 2015, F. Hort and J. Hort. 
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Synemon sp. 'Ravensthorpe' 
(Narrow-winged Sun-moth) 

Figure 34 

BRIEF DESCRIPTION 

This is a distinctive, medium sized sun-moth. The 
sexes are similar, though males may be considerably 
smaller than females. Males vary in size from 32 to 
40 mm, females from 40 to 45 mm. Females have 
particularly long narrow forewings, which give them a 
very elongate appearance when settled. In both sexes, 
the upper side of the forewing has a patchwork pattern 


of black and varying shades of grey, sometimes with 
discrete small subcostal and subapical white spots. 
The hind wing ground colour is dull black with a very 
large orange-red discal spot and a very broad orange- 
red postmedian band. This band extends across the 
hind wing and often enters the dorsum alongside the 
abdomen. The black border along the trailing edge of the 
hind wing encloses from one to four very small orange- 
red subterminal spots. In males, the underside of the 
forewing is blackish-grey, with two dull orange bands 
which are spotted in white, while the underside of the 
hind wing is predominantly orange with black and white 



FIGURE 34 Synemon sp. 'Ravensthorpe'. A, S Dorsal; B, S Ventral (C3244) Western Australia, Israelite Bay (WAM); 

C, $ Dorsal; D, $ Ventral (C3249) Western Australia, Israelite Bay (WAM). (Photos: Nikolai Tatarnic, Western 
Australian Museum.) 
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spots and markings. In females the underside pattern is 
similar, but the orange colouration is more extensive. 

DISTRIBUTION 

This sun-moth is a rare Western Australian endemic. It 
is known from very few south-eastern coastal and near¬ 
coastal localities. The original specimens were collected 
26 km east of Ravensthorpe and at Sheoaks Hill in 
Nuytsland Nature Reserve in 1993. An intermediate 
locality was identified at Fields Nature Reserve in 1999. 
Since then, however, the only location where S. sp. 
‘Ravensthorpe’ has been found is in Nuytsland Nature 
Reserve close to the coast north-east of Israelite Bay 
(Figure 35). 

LARVAL FOOD PLANT 

The larval food plant is Hook-leaf Saw Sedge Gahnia 
ancistrophylla Benth. 

HABITAT 

Near Ravensthorpe this sun-moth occurs in mixed low 
mallee woodland with sparse low shrubs and patches 
of G. ancistrophylla sedge, growing on laterite gravel 
and clay-sand. North-east of Israelite Bay the sun- 
moths occur alongside a series of saline lakes, where 
the vegetation is a Melaleuca sp. dominated shrubland 
with an understory of G. ancistrophylla. This vegetation 



FIGURE 35 Map of Western Australia showing 

distribution of Synemon sp. 'Ravensthorpe'. 


association grows in shallow white sand overlying 
pavement limestone. 

BEHAVIOUR AND FLIGHT PERIOD 

This is a moderately fast flying sun-moth. Near 
Ravensthorpe specimens were collected in January 
1993, flying close to the ground on an old roadside 
gravel scrape (E.D. Edwards, personal communication, 
2011). On the telegraph track north of Israelite Bay the 
sun-moths were active alongside the main sand track 
where G. ancistrophylla sedges had regenerated on 
scraped flattened road verges. Females were observed 
ovipositing on sedges where empty pupal exuvia 
were collected. Synemon sp. ‘Ravensthorpe’ has been 
recorded in early January and undoubtedly flies in late 
December as well. 

CONSERVATION STATUS 

Data deficient. The species is known from very few 
sites. The primary population is centred on Israelite Bay 
and north-east along the coast within Nuytsland Nature 
Reserve. Further surveys for this sun-moth are required 
in other areas where its larval food plant is known to 
occur. Any mineral exploration activity in Nuytsland 
Nature Reserve will inevitably undermine the nature 
conservation values of this remote coastal wilderness 
and impact negatively on the few known colonies of this 
rare sun-moth. There are three historical and 10 recent 
records. 

HISTORICAL RECORDS 

Israelite Bay, Sheoaks Hill, 33° 37 48" S, 123° 39' 
36" E, 08 Jan 1993, E.D. Edwards and E.S. Nielsen; 26 
km E of Ravensthorpe, 33° 36' 00" S, 120° 18' 00" E, 10 
Jan 1993, E.D. Edwards and E.S. Nielsen; Fields Nature 
Reserve, 33° 38' 00" S, 121° 18' 00" E, 31 Jan 1999, M. 
Golding and M. Powell. 

RECENT RECORDS 

Israelite Bay, Telegraph Track, 33° 26.291' S, 123° 
58.929' E, 11 Jan 2014, D.J. Hilton; Israelite Bay, 
Telegraph Track, 33° 26' 17" S, 123° 58' 56" E, 01 Jan 
2015, A.A.E. Williams; Israelite Bay, Gora Road, 
33° 38' 24" S, 123° 42' 20" E, 03 Jan 2015, A.A.E. 
Williams; Israelite Bay, Gora Road, 33° 38' 38" S, 123° 
42' 42" E, 03 Jan 2015, A.A.E. Williams; Israelite Bay, 
Telegraph Track, 33° 34' 08" S, 123° 56' 25" E, 04 Jan 
2015, A.A.E. Williams; Israelite Bay, Telegraph Track, 
33° 26' 22" S, 123° 58' 55" E, 04 Jan 2015, A.A.E. 
Williams; Israelite Bay, Telegraph Track, 33° 26' 16" S, 
123° 58' 56" E, 04 Jan 2015, A.A.E. Williams; Israelite 
Bay, Telegraph Track, 33° 24' 31" S, 123° 59' 12" E, 04 
Jan 2015, A.A.E. Williams; Israelite Bay, Telegraph 
Track, 33° 24' 17" S, 123° 59' 16" E, 04 Jan 2015, 
A.A.E. Williams; Israelite Bay, Telegraph Track, 33° 
16' 53" S, 124° 02' 32" E, 04 Jan 2015, A.A.E. Williams. 
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Synemon laeta species group 

Synemon edwardsi Williams and Williams 2016 
(Splendid Sun-moth) 

Figure 36 

BRIEF DESCRIPTION 

Though small, S. edwardsi is a very striking sun- 
moth. Males have elongate, pointed forewings, while 
females have rounded forewings. In both sexes, the 
upper side of the forewing is uniformly grey, with two 


oblique parallel broken black lines. In males the upper 
side of the hind wing is a very deep bright orange, 
broadly bordered in black, and almost always with a 
continuous, if irregular, black band across the centre. 
In females too the upper side of the hind wing is bright 
orange, broadly bordered black, with a solid broad black 
central band which tapers up alongside the dorsum, 
parallel with the abdomen. In males, the underside of 
both fore and hind wings is dull orange, with diffuse 
black and greyish-black markings. There are three small 
whitish markings in the subapical part of the forewing. 
In females, the underside is largely orange with bolder 



FIGURE 36 Synemon edwardsi. A, S Dorsal; B, S Ventral (C2852) Western Australia, Kukerin Bushland (WAM); 

C, $ Dorsal; D, $ Ventral (C2856) Western Australia, NorthTarin Rock Nature Reserve (WAM). (Photos: Nikolai 
Tatarnic, Western Australian Museum.) 
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black markings. The outer edge of both wings has a 
broad blackish border, and a black band extends partway 
across the centre of the hind wing. Note: In an earlier 
publication (Williams and Williams 2013b), this taxon 
was referred to as Synemon sp. ‘Kukerin’. 

DISTRIBUTION 

This sun-moth is a Western Australian endemic. It is 
known from ten localities, all in the central and southern 
Wheatbelt — from Charles Gardner Nature Reserve, 
near Tammin, south to Kukerin and east to the western 
boundary of Frank Hann National Park (Figure 37). 

LARVAL FOOD PLANT 

The larval food plant is Chamaexeros fimbriata (F. 
Muell.) Benth. 

HABITAT 

The usual habitat is open mixed mallee or shrubland 
over open low heath and sedges, where the larval food 
plant grows. The upper story is frequently dominated by 
Tamma ( Allocasuarina campestris ). 

BEHAVIOUR AND FLIGHT PERIOD 

This small, fast flying sun-moth occurs in small 
isolated colonies, where it invariably flies close to the 
ground. Males set up territories in areas of open ground, 



FIGURE 37 Map of Western Australia showing 
distribution of Synemon edwardsi. 


and will use low termite mounds as perching points, if 
they are available. Females are less frequently observed. 
The sun-moths are active in warm to hot, sunny 
conditions from mid morning to mid afternoon, and 
(like many other species) will become inactive if cloud- 
cover forms. The flight period lasts for approximately 
two weeks, in November. The timing of emergence 
varies from year to year. In dry years the species appears 
in early November, but in cooler, wetter seasons it does 
not fly until later in the month (Williams and Williams 
2013b, 2016a). 

CONSERVATION STATUS 

Data deficient. In view of predicted drying trends 
for the Western Australian Wheatbelt, this taxon may 
be regarded as threatened in the northern parts of its 
range, where it is restricted to a few small remnant 
patches of native vegetation (Williams and Williams 
2013b). Known colonies are very small and local. 
Further surveys are required to determine whether S. 
edwardsi is present in the extensive moister heathlands 
south and east of Frank Hann National Park (Williams 
and Williams 2013b), where the larval food plant C. 
fimbriata is known to occur. There are two historical 
and 12 recent records. 

HISTORICAL RECORDS 

Kukerin, location not recorded, 1948, A.M. Douglas 
(WAM); Charles Gardner Nature Reserve, 31° 47' 00" S, 
117° 28' 56" E, 21 Nov 1996, T.F. Houston (WAM). 

RECENT RECORDS 

Kukerin Bushland, 33° 10' 26" S, 118° 04' 39" E, 01 
Nov 2010, A.A.E. Williams; Kulin Bushland, 32° 39' 
48" S, 118° 08' 27" E, 01 Nov 2010, A.A.E. Williams; 
Corrigin Bushland (north-west), 32° 20' 18" S, 117° 
49' 55" E, 01 Nov 2010, A.A.E. Williams; Charles 
Gardner Nature Reserve, 31° 47' 27" S, 117° 27' 51" 
E, 02 Nov 2010, A.A.E. Williams; Corrigin Bushland 
(south-east), 32° 21' 10" S, 117° 51' 38" E, 08 Nov 
2010, A.A.E. Williams; Frank Hann National Park 
(boundary), 33° 04' 48" S, 120° OF 36" E, 22 Nov 2011, 
A.A.E. Williams; Kunjin Bushland, 32° 21' 08" S, 
117° 48' 13" E, 07 Nov 2012, A.A.E. Williams; Tarin 
Rock Nature Reserve, 33° 06' 26" S, 118° 12' 25" E, 08 
Nov 2012, A.A.E. Williams; North Tarin Rock Nature 
Reserve, 33° 58' 53" S, 118° 16' 01" E, 08 Nov 2012, 
A.A.E. Williams; Overhue Nature Reserve, 33° 22' 
23" S, 117° 34' 58" E, 13 Nov 2012, A.A.E. Williams; 
North Lomos Road, near Corrigin, 32° 21' 26" S, 117° 
36' 37" E, 13 Nov 2012, A.A.E. Williams; Charles 
Gardner Nature Reserve, 31° 47' 27" S, 117° 27' 51" 
E, 12 Nov 2013, E.D. Edwards and M.R. Williams 
(ANIC). 
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Synemon gratiosa Westwood 1877 
(Graceful Sun-moth) 

Figure 38 

BRIEF DESCRIPTION 

Synemon gratiosa is one of the smallest sun-moths 
in Western Australia. Males are smaller than females 
and have pointed, rather than rounded, forewings. In 
both sexes, the upper side of the forewing is variably 
patterned with cryptic grey, brown, black, and whitish 
markings. The upper side of the hind wing is orange, 
with variable blackish markings along the outer border, 


and sometimes a narrow curved black central band. 
In some individuals the upper side of the hind wing is 
entirely orange, apart from a narrow dark border. The 
underside is predominantly orange, more extensively in 
females. S. gratiosa specimens from the southernmost 
part of the range have more extensive black markings, 
including a solid black band crossing the upper side of 
the hind wing. 

DISTRIBUTION 

Synemon gratiosa is a Western Australian endemic, 
with an extensive but disjunct near-coastal distribution, 
from Binningup, in the south, to Kalbarri and 



FIGURE 38 Synemon gratiosa. A, S Dorsal; B, S Ventral (Cl671) Western Australia, Perth, Tamala Park (WAM); 

C, $ Dorsal; D, $ Ventral (C1800) Western Australia, Perth, Yanchep (WAM). (Photos: Brian Hanich, Western 
Australian Museum.) 
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Murchison House Station, in the north (Williams M. et 
al. 2012; Williams A. et al. 2012). Near Perth, the species 
is also found on the Swan Coastal Plain and at the base 
of the Darling Scarp (near Bullsbrook and at Talbot 
Nature Reserve in Stratton). In the Jarrah (Eucalyptus 
marginata ) forest east of Perth, there are several small, 
local populations where individuals display genetic 
affiliations to both S. gratiosa and S. jcaria. These 
unusual, probably hybrid populations, are identified with 
blue dots on the S. gratiosa distribution map (Figure 39). 

LARVAL FOOD PLANT 

The larval food plants are two closely related 
mat-rushes, Lomandra maritima T.S. Choo and 
Lomandra hermaphrodita (C.R.P. Andrews) C.A. 
Gardner (Williams M. et al. 2012). 

HABITAT 

Synemon gratiosa occurs predominantly on coastal 
and near-coastal dunes, where the larval food plant, 
L. maritima, is often widespread and abundant. On 
the Swan Coastal plain near Perth S. gratiosa is found 
mainly in Banksia woodlands where L. hermaphrodita 
is the larval food plant. 

BEHAVIOUR AND FLIGHT PERIOD 

This sun-moth is active in hot, sunny conditions. 
In coastal areas males establish territories on dune 
ridges and dune crests, in the vicinity of the larval 
food plant. Males typically fly close to the ground for 
short periods, before settling on the ground, a stick or 
a shrub at a prominent vantage point. They actively 
defend these territories against intruding males. When 
an unmated female enters a male’s territory, the male 
will immediately pursue the female until she lands, 
when copulation takes place. In Banksia woodland, 
males frequently establish territories in open sandy 
patches where the larval food plants grow. The females 
are seen less frequently. The flight period for S. gratiosa 
is mid February to early April. Adults appear earlier in 
southern than in northern localities. 

CONSERVATION STATUS 

This species is listed Federally as ‘near-threatened’ 
and as a ‘priority 4’ species under Western Australian 
State legislation. About 15-20% of its known habitat is 
scheduled to be cleared within the next 10 years, which 
can be expected to cause the loss of a similar proportion 
of the total population (Williams M, 2012). Fortunately, 
populations also occur in some large conservation 
reserves, including Yalgorup National Park, south of 
Perth, and Wanagarren Nature Reserve, Nambung 
National Park, Beekeepers Nature Reserve and Kalbarri 
National Park, north of Perth. There are 14 historical and 
75 recent records. 

HISTORICAL RECORDS 

Perth (general), 31° 57' 00" S, 115° 57' 00" E, date not 
recorded, collector unknown (WAM); Kings Park, 31° 
58' 12" S, 115° 49' 48" E, date not recorded, collector 
unknown (WAM); Swan River, 31° 51' 00" S, 116° 00' 


00" E, date not recorded, J. Clark (DAFC); Swan River, 
31° 51' 00" S, 116° 00' 00" E, date not recorded, L.J. 
Newman (WAM); Naval Base, 32° 12' 00" S, 115° 46' 
48" E, date not recorded, C.F. Jenkins (WAM); Crawley, 
31° 57' 00" S, 115° 51' 00" E, 26 Feb 1935, K.R. Norris 
(WAM); Fremantle, 32° 04' 12" S, 115° 45' 00" E, 03 
Mar 1935, K.R. Norris (WAM); Applecross, 32° OF 12" 
S, 115° 49' 48" E, 17 Mar 1951, D.G. Shedley (WAM); 
Jandakot, 32° 07' 12" S, 115° 49' 48" E, 15 Mar 1969, 

F. O. Donnell (WAM); Sorrento, 31° 49' 48" S, 115° 45' 
00" E, 24 Mar 1971, B. Wilson (WAM); Swanbourne, 
31° 58' 48" S, 115° 46' 12" E, 21 Feb 1976, M. Powell 
(WAM); Mandurah, 32° 31' 48" S, 115° 43' 12" E, 16 Feb 
1984, R.W. Hay (WAM); Wanneroo, 31° 45' 00" S, 115° 
48' 00" E, 18 Mar 1984, R.W. Hay (WAM); Neerabup, 
Flynn Drive, 31° 40' 48" S, 115° 48' 00" E, 19 Mar 1996, 
E.D. Edwards and E.S. Nielsen. 

RECENT RECORDS 

Perth, Koondoola Bushland, 31° 50' 03" S, 115° 51' 
47" E, 27 Mar 2002, M.R. Williams; Yalgorup National 
Park, White Hill, 32° 41' 21" S, 115° 37' 01" E, 15 Feb 
2010, A.A.E. Williams; Preston Beach, 32° 53' 27" 
S, 115° 39' 32" E, 16 Feb 2010, J. Abery; Yalgorup, 
N of Preston Beach, 32° 50' 07" S, 115° 38' 37" E, 23 
Feb 2010, A.A.E. Williams; Perth, Ocean Reef Boat 
Harbour, 31° 45' 40" S, 115° 43' 53" E, 24 Feb 2010, 
A.A.E. Williams; Yanchep Water Block, 31° 31' 11" 
S, 115° 38' 44" E, 26 Feb 2010, C.L. Bishop; Perth, 
Hamersley, 31° 51' 17" S, 115° 49' 16" E, 02 Mar 2010, 

G. Harewood and J. Lisle; Wilbinga (north-east), 31° 
24' 02" S, 115° 34' 08" E, 03 Mar 2010, C.L. Bishop 
and J. Fissioli; Perth, Eglinton, 31° 37' 17" S, 115° 41' 
29" E, 04 Mar 2010, P. Mitrovski; Yanchep, Pipidinny 
Road (north), 31° 34' 19" S, 115° 40' 56" E, 05 Mar 2010, 
C.L. Bishop and J. Fissioli; Point Peron, 32° 17' 06" 
S, 115° 42' 22" E, 08 Mar 2010, M. Brown; Southern 
Beekeepers Nature Reserve, 30° 28' 19" S, 115° 06' 35" 
E, 15 Mar 2010, A.A.E. Williams; Nambung National 
Park, 30° 33' 44" S, 115° 05' 41" E, 16 Mar 2010, 
A.A.E. Williams; Jurien Bay, 30° 16' 57" S, 115° 04' 
06" E, 17 Mar 2010, A.A.E. Williams; Nilgen Nature 
Reserve, 30° 59' 12" S, 115° 21' 46" E, 18 Mar 2010, 
A.A.E. Williams; Wilbinga South Coast, 31° 26' 21" 
S, 115° 33' 31" E, 18 Mar 2010, J. Fissioli, P. Cavalli 
and A. Reaveley; Perth, Gnangara Bush-Forever Site, 
31° 47' 16" S, 115° 51' 12" E, 18 Mar 2010, Coffey 
Environments; Perth, Tamala Park, 31° 41' 59" S, 115° 
42' 39" E, 26 Mar 2010, J. Purvis; Preston Beach Town- 
site, 32° 52' 16" S, 115° 39' 12" E, 11 Feb 2011, A.A.E. 
Williams; Binningup, 33° 09' 24" S, 115° 41' 19" E, 21 
Feb 2011, A.A.E. Williams; Perth, Kallaroo, Maritana 
Park, 31° 47' 16" S, 115° 45' 04" E, 24 Feb 2011, A.A.E. 
Williams; Perth, Talbot Road Reserve, 31° 47' 51" S, 
115° 46' 26" E, 25 Feb 2011, F. Hort and J. Hort; Perth, 
Mirrabooka Bushland, 31° 51' 39" S, 115° 51' 32" E, 02 
Mar 2011, J. Cullity; Perth, Alkimos, Marmion Avenue, 
31° 37' 17" S, 115° 41' 29" E, 02 Mar 2011, A.A.E. 
Williams; Perth, Forrest Road, Bibra Lake, 32° 05' 14" 
S, 115° 47' 47" E, 02 Mar 2011, A.A.E. Williams; Perth, 
Alkimos, 31° 37' 19" S, 115° 40' 02" E, 02 Mar 2011, R. 
Browne-Cooper; Preston Beach Conservation Reserve, 
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32° 54' 05” S, 115° 39' 31" E, 02 Mar 2011, C.L. Bishop 
and M.R. Williams; Wandoo National Park, Crawler 
Road, 31° 58' 53" S, 116° 30' 57" E, 02 Mar 2011, A.A.E. 
Williams, F. Hort and J. Hort; Wandoo National Park, 
Deefor Road, 31° 59’ 26" S, 116° 3P 08" E, 02 Mar 2011, 
A.A.E. Williams, F. Hort and J. Hort; Wandoo National 
Park, Warrigal Rd, 32° 03’ 28" S, 116° 31' 50" E, 02 
Mar 2011, A.A.E. Williams, F. Hort and J. Hort; Flynn 
State Forest, Kent Road, 31° 57’ 49" S, 116° 30' 48" E, 
02 Mar 2011, A.A.E. Williams, F. Hort and J. Hort; 
Perth, Errina Road Reserve, 31° 49' 33" S, 115° 51' 32" 
E, 03 Mar 2011, C.L. Bishop; Yanchep South, 31° 34' 
05" S, 115° 38' 38" E, 03 Mar 2011, R. Browne-Cooper; 
Perth, Warwick Open Space, 31° 50' 34" S, 115° 49' 
08" E, 03 Mar 2011, C.L. Bishop; Yarra Road, 6 km 
N of Brookton Hwy, 32° 10' 32" S, 116° 26' 03" E, 04 
Mar 2011, A.A.E. Williams; Perth, Landsdale Reserve, 
31° 49' 07" S, 115° 50' 52" E, 04 Mar 2011, A.A.E. 
Williams; Wandoo National Park, Gunappin Ridge, 
32° 06' 15" S, 116° 34' 36" E, 07 Mar 2011, F. Hort and 
J. Hort; Wandoo National Park, Catchment Rd, 32° 06' 
15" S, 116° 34' 36" E, 07 Mar 2011, F. Hort and J. Hort; 
Yanchep, Pipidinny Road, 31° 33' 51" S, 115° 40' 50" 
E, 07 Mar 2011, A.A.E. Williams; Kalbarri National 
Park, 27° 46' 25" S, 114° 07' 30" E, 10 Mar 2011, M.R. 
Williams, C.L. Bishop and T. Gamblin; Kalbarri Town 
site, 27° 44' 15" S, 114° 08' 48" E, 10 Mar 2011, M.R. 
Williams, C.L. Bishop and T. Gamblin; Port Kennedy, 
32° 21' 48" S, 115° 45' 56" E, 16 Mar 2011, G. Harewood 
and S. Paul; Wanagarren Nature Reserve, 30° 47' 36" S, 
115° 13' 43" E, 18 Mar 2011, A.A.E. Williams; Gregory, 
south of Kalbarri, 28° IP 39" S, 114° 16' 12" E, 19 Mar 
2011, M.R. Williams; Murchison House Station, 27° 41' 
55" S, 114° 09' 43" E, 22 Mar 2011, A.A.E. Williams 
and M.R. Williams; Gibbs Forest, Watershed Road, 32° 
25' 58" S, 116° 24' 24" E, 11 Feb 2012, A.A.E. Williams 
and E.P Williams; Brookton Highway, Beraking Pool 
Rd, 32° 12' 41" S, 116° 21' 56" E, 15 Feb 2012, A.A.E. 
Williams; Gibbs Forest, Millars Log Road, 32° 24' 24" 

S, 116° 24' 01" E, 17 Feb 2012, A.A.E. Williams; Two 
Rocks, north of Perth, 31° 28' 16" S, 115° 37' 48" E, 23 
Feb 2012, C.L. Bishop and M.R. Williams; Wilbinga 
North Coast, 31° 24' 46" S, 115° 33' 22" E, 23 Feb 2012, 

T. Gamblin; Ledge Point Transect 1, 30° 05' 47" S, 115° 
23' 35" E, 27 Feb 2012, A.A.E. Williams and M.R. 
Williams; Wanagarren Nature Reserve, (West), 30° 47' 
02" S, 115° 12' 28" E, 01 Mar 2012, A.A.E. Williams 
and M.R. Williams; Wanagarren Nature Reserve, 
(East), 30° 47' 20" S, 115° 16' 03" E, 01 Mar 2012, C.L. 
Bishop and T. Gamblin; Ledge Point Transect 2, 30° 06' 
22" S, 115° 23' 11" E, 02 Mar 2012, A.A.E. Williams 
and M.R. Williams; Bullsbrook, Smith Road, 31° 38' 
59" S, 116° 03' 15" E, 02 Mar 2012, A.A.E. Williams; 
Bullsbrook, Kimberley Road, 31° 39' 27" S, 116° 02' 05" 
E, 02 Mar 2012, A.A.E. Williams; Perth, Marangaroo 
Reserve, 31° 49' 31" S, 115° 50' 10" E, 03 Mar 2012, 
A.A.E. Williams; Perth, Pinnaroo Memorial Park, 
31° 47' 51" S, 115° 46' 26" E, 03 Mar 2012, A.A.E. 
Williams; Jurien Bay Transect 1, 30° 17' 34" S, 115° 04' 
13" E, 08 Mar 2012, M.R. Williams and C.L. Bishop; 
Wandoo National Park, 32° 12' 55" S, 116° 34' 16" E, 
08 Mar 2013, F. Hort and J. Hort; Wandoo National 


Park, Catchment Rd, 32° 06' 47" S, 116° 37' 17" E, 08 
Mar 2013, F. Hort and J. Hort; Wandoo National Park, 
32° 06' 47" S, 116° 37' 34" E, 09 Mar 2013, A.A.E. 
Williams, F. Hort and J. Hort; Wandoo National Park, 
32° 06' 06" S, 116° 39' 24" E, 09 Mar 2013, A.A.E. 
Williams, F. Hort and J. Hort; Nilgen Nature Reserve, 
Transect 3, 30° 56' 27" S, 115° 19' 05" E, 12 Mar 2012, 
A.A.E. Williams and M.R. Williams; Jurien Bay, 
Transect 2, 30° 18' 13" S, 115° 04' 18" E, 13 Mar 2012, 
C.L. Bishop and T. Gamblin; Port Denison, 29° 19' 06" 
S, 114° 56' 52" E, 14 Mar 2012, M.R. Williams and C.L. 
Bishop; Seabird, N of Perth, 31° 16' 56" S, 115° 26' 45" 
E, 23 Mar 2012, A.A.E. Williams and M.R. Williams; 
Perth, Paloma Park, 31° 49' 59" S, 115° 51' 08" E, 17 
Mar 2013, A.A.E. Williams; Jurien Bay, North Shore, 
30° 13' 22" S, 115° OF 00" E, 20 Mar 2013, A.A.E. 
Williams and M.R. Williams; Perth, Montrose Park, 
31° 50' 38" S, 115° 51' 12" E, 22 Mar 2013, A.A.E. 
Williams; Coolimba Road, 10 km N of Leeman, 29° 51' 
15" S, 114° 59' 09" E, 30 Mar 2013, A.A.E. Williams; 
Cape Burney, 9 km S of Geraldton, 28° 52' 02" S, 114° 
38' 13" E, 07 Apr 2013, A.A.E. Williams and M.R. 
Williams; Crowther Rd, S of Geraldton, 28° 55' 02" S, 
114° 40' 59" E, 08 Apr 2013, A.A.E. Williams; Wandoo 
National Park, Korner Road, 32° 08' 31" S, 116° 30' 22" 
E, 03 Mar 2015, A.A.E. Williams; Perth, Brian Burke 
Reserve, 31° 5F 14" S, 115° 50’ 09" E, 08 Mar 2015, 
A.A.E. Williams. 
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FIGURE 39 Map of Western Australia showing 

distribution of Synemon gratiosa. Blue dots 
represent hybrid populations between 
S. gratiosa and inland sister species S. jcaria. 
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Synemon jcaria R. Felder 1874 
(Claret Sun-moth) 

Figure 40 

BRIEF DESCRIPTION 

Synemon jcaria is noticeably larger than S. gratiosa, 
though there is some size overlap. The upper side of 
the forewing is variably patterned with grey, brown, 
blackish, and whitish markings. Males are smaller than 
females, with distinctly pointed rather than rounded 
forewings. In both sexes, the upper side of the hind 


wing is orange, with a blackish border, and invariably 
with a partial or complete black curved central band. 
The underside is orange with extensive black markings 
and some white spotting. 

Note: Although the naming of this species is 
generally credited to R. Felder 1874, the first 
mention of the name ‘Synemon icaria with an 
illustration of the sun-moth, but without a description, 
(nomen nudum), is found in Felder C. et al. (1864). 
(Leonie Samuelsson, WAM Librarian, personal 
communication, 3 December 2015). The common 






FIGURE 40 Synemon jcaria. A, S Dorsal; B, (^Ventral (C2910) Western Australia, Namelkatchem Nature Reserve (WAM); 

C, $ Dorsal; D, $ Ventral (C2309) Western Australia, Drummond Nature Reserve (WAM). (Photos: Brian 
Hanich, Western Australian Museum.) 
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name Claret Sun-moth is used for Western Australian 
S. jcaria (Williams A. et al. 2012, Williams and 
Williams 2013ab). In Victoria and South Australia, 
the accepted common name is Reddish-orange Sun- 
moth (Douglas 2007). Recent genetic analysis shows 
that Western Australian and Victorian S', jcaria are 
quite well separated genetically (M.R. Williams, 
personal communication, 2016) (unpublished data), but 
it is too early to predict whether western and eastern 
populations are separate species. The level of genetic 
variation within the eastern populations will first need 
to be known. At this stage the common name Claret 
Sun-moth is retained. 

DISTRIBUTION 

Synemon jcaria has a predominantly inland 
distribution in Western Australia. Our recent records 
have greatly extended its known range and documented 
its occurrence in many Wheatbelt localities. In the semi- 
arid zone S. jcaria has been recorded at Charles Darwin 
Reserve in the north and near the Menzies-Evanston 
Road in the east. Along the south coast the species 
has recently been recorded in Cape Arid National 
Park. Synemon jcaria populations located by F. and 
J. Hort from sites in the western parts of its range are 
in close proximity to areas in the Jarrah (Eucalyptus 
marginata ) forest east of Perth where there appears to 
be hybridisation between this species and S. gratiosa 
(Gamblin et al. 2011, Williams M. 2012). (See blue dots 
on S. gratiosa distribution map, Figure 39). Synemon 
jcaria is also recorded from South Australia, Victoria 
and New South Wales, though recent studies indicate 
that the eastern and Western Australian populations are 
genetically distinct from one another (see Discussion, 
this paper). 

LARVAL FOOD PLANT 

The larval food plant is Scented Mat-rush Lomandra 
effusa (Lindl.) Ewart. This tussock plant has stiff, long, 
narrow strap-like leaves with finely pointed bifurcate 
leaf tips (Williams and Williams 2013a). 

HABITAT 

Synemon jcaria is always found in the vicinity of its 
mat-rush larval food plant, which typically grows in 
open eucalyptus woodlands and mallee shrublands, or 
on low inland sand dunes adjacent to inland salt lakes. 

BEHAVIOUR AND FLIGHT PERIOD 

This is a small, fast flying sun-moth. Males set up 
territories in open areas close to the larval food plant. 
They settle on prominent perches, often fallen sticks 
or plant stems, and from these vantage points wait for 
passing unmated females. Rival males which enter 



Albany 


FIGURE 41 Map of Western Australia showing 

distribution of Synemon jcaria. 

the territory are immediately challenged and forced 
to retreat. Females are less frequently seen. Having 
mated, they depart and search out suitable larval food 
plants to lay their eggs. They deposit one egg at a time 
in the soil alongside the stem of the larval food plant, 
by means of a retractable ovipositor. The flight period 
is January to March; the peak flying time is generally 
mid February. 

CONSERVATION STATUS 

Not threatened. In Western Australia this taxon is 
widespread but local, and moderately common in some 
places. It is well represented in national parks and 
nature reserves. There are seven historical and 31 recent 
records. 

HISTORICAL RECORDS 

New Holland, Swan River, location and date not 
recorded, collector unknown (BMNH); 37 km S 
of Lake Cronin, 32° 43’ 00" S, 119° 46’ 00" E, 23 
Jan 1975, K.T. Richards (DAFC); E of Hyden, 32° 
27’ 00" S, 118° 52’ 00" E, 15 Feb 1985, R.W. Hay; 
Yellowdine, 31° 18’ 00" S, 119° 39’ 00" E, 02 Mar 
1990, R.W. Hay; Sheoaks Hill, W of Israelite Bay, 
33° 37’ 48" S, 123° 39’ 36" E, 07 Jan 1993, E.D. 
Edwards and E.S. Nielsen; 60 km E of Hyden, 
32° 24’ 00" S, 119° 27’ 00" E, 31 Jan 1993, E.D. 
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Edwards, E.S. Nielsen; 78 km E of Hyden, 32° 25' 
00" S, 119° 42' 00" E, 10 Feb 1993, M.R. Williams, 

R. W. Hay. 

RECENT RECORDS 

Charles Darwin Reserve, 29° 33' 29" S, 116° 57' 
54" E, 05 Mar 2009, A.A.E. Williams and M.R. 
Williams; Hopkins Nature Reserve, 32° 43' 14" 

S, 118° 16' 39" E, 15 Feb 2010, A.A.E. Williams; 
Chinocup Nature Reserve, 33° 34' 38" S, 118° 26' 
56" E, 16 Feb 2010, A.A.E. Williams; Durocoppin 
Nature Reserve, 31° 25' 13" S, 117° 45' 09" E, 20 Feb 

2010, A.A.E. Williams; Wyalkatchem Golf Course, 
31° 10' 14" S, 117° 23' 56" E, 20 Feb 2010, A.A.E. 
Williams; Petrudor Rocks, 30° 51' 43" S, 116° 41' 31" 

E, 01 Mar 2010, A.A.E. Williams; Pallarup Nature 
Reserve, 33° 14' 31" S, 119° 45' 49" E, 15 Feb 2011, 
A.A.E. Williams; 2 km W of Burracoppin, 31° 24' 
03" S, 118° 28' 06" E, 22 Feb 2011, A.A.E. Williams; 
Sandford Rock Nature Reserve, 31° 14' 30" S, 118° 
45' 42" E, 22 Feb 2011, A.A.E. Williams; 1 km 
N of Wyalkatchem, 31° 10' 15" S, 117° 23' 27" E, 
22 Feb 2011, A.A.E. Williams; Kellerberrin Road 
Nature Reserve, 31° 48' 21" S, 117° 35' 50" E, 23 Feb 

2011, A.A.E. Williams; Calingiri Water Reserve, 
Bolgart, 31° 09' 30" S, 116° 29' 57" E, 11 Feb 2012, 

F. Hort and J. Hort; Wyening Town site, Bolgart, 
31° 11' 21" S, 116° 29' 09" E, 11 Feb 2012, F. Hort 
and J. Hort; Julimar Conservation Park, 31° 17' 47" 
S, 116° 21' 23" E, 13 Feb 2012, F. Hort and J. Hort; 
Drummond Nature Reserve, 31° 18' 22" S, 116° 24' 
26" E, 13 Feb 2012, F. Hort and J. Hort; 20 km N of 
New Norcia, 30° 50' 23" S, 116° 16' 09" E, 15 Feb 

2012, A.A.E. Williams; 75 km E of Yellowdine, 
31° 10' 46" S, 120° 29' 21" E, 21 Feb 2012, A.A.E. 
Williams; Wandoo National Park, Qualen Road, 32° 
05' 53" S, 116° 40' 42" E, 02 Feb 2013, F. Hort and 
J. Hort; Namelcatchem Nature Reserve, 31° 10' 52" 
S, 117° 11' 02" E, 15 Feb 2013, A.A.E. Williams; 
Wyalkatchem Nature Reserve, 31° 09' 43" S, 117° 
23' 57" E, 25 Feb 2013, A.A.E. Williams; Cape Arid 
National Park, 33° 18' 43" S, 123° 22' 46" E, 23 Jan 

2015, A.A.E. Williams, E.P Williams; Cramphorne 
Rd, S of Southern Cross, 31° 48' 20" S, 119° 17' 06" 
E, 13 Jan 2016, A.A.E. Williams; Dulyalbin Rock 
Water Reserve, 31° 34' 10" S, 118° 59' 37" E, 14 Jan 

2016, A.A.E. Williams; Frog Rock Nature Reserve, 
31° 30' 05" S, 119° 14' 45" E, 26 Jan 2016, A.A.E. 
Williams; Wockallarry Nature Reserve, 31° 27' 37" 
S, 119° 16' 50" E, 26 Jan 2016, A.A.E. Williams; 
Borona Road, ENE of Dulyalbin Rock, 31° 33' 47" S, 
119° OF 29" E, 26 Jan 2016, A.A.E. Williams; Bruce 
Rock, Reserve # 16467, 31° 51' 48" S, 118° IF 02" E, 
30 Jan 2016, A.A.E. Williams; New Norcia, Great 


Northern Highway, 30° 58' 58" S, 116° 12' 32" E, 04 
Feb 2016, A.A.E. Williams; 2.5 km SW of Watheroo, 
30° 18' 55" S, 116° 02' 32" E, 06 Feb 2016, A.A.E. 
Williams; Menzies-Evanston Rd, W of Menzies, 
29° 47' 06" S, 119° 47' 46" E, 15 Feb 2016, A.A.E. 
Williams; Lake Goorly, 40 km ENE of Wubin, 
29° 58' 34" S, 117° OF 43" E, 05 Mar 2016, A.A.E. 
Williams. 

Synemon 'Grass-feeding' species group 

Synemon austera Meyrick 1891 
(Sombre Sun-moth) 

Figure 42 

BRIEF DESCRIPTION 

Synemon austera is a cryptically coloured, medium 
sized sun-moth. In the male, the ground colour on the 
upper side of the forewing is dull grey and brown, 
with a blurred white central spot and post-median 
band. The hind wing is blackish-brown above, with a 
large wedge-shaped cream marking extending inwards 
from the termen to a median point near the dorsum. 
The female’s forewing is grey-brown on the upper 
side, with a small blurred central white spot. The hind 
wing upper side is blackish-brown, with cream-brown 
markings. In both sexes the underside is similar: the 
basal area dark blackish-brown, with the outer portion 
of the forewing pale orange-brown; females have a sub- 
apical band of dark brown elongate spots at the apex of 
the fore wing. 

DISTRIBUTION 

Synemon austera is is known only from Carnarvon 
and the Minilya River, in the Gascoyne region of 
Western Australia (Figure 43). 

LARVAL FOOD PLANT 

The larval food plant is a tussock-forming form of 
Golden Beard Grass Chrysopogon fallax S.T. Blake 
(E.D. Edwards, personal observation, 1992; A.A.E. 
Williams, personal observation, 2010). 

HABITAT 

The type specimens were collected by Meyrick at 
Carnarvon ‘in a damp place on the plain’ (Meyrick 
1891). This plain has been degraded over the last 100 
years, and attempts to relocate the sun-moths there 
have been unsuccessful. In recent times the sun-moth 
has only been found at two localities; a seasonally wet 
watercourse lined with white-barked Eucalyptus victrix 
trees near Carnarvon, and at one site alongside the 
Minilya River. 
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BEHAVIOUR AND FLIGHT PERIOD 

This cryptic species flies close to the ground along 
usually dry seasonal watercourses in the vicinity of its 
larval food plant. The peak flight period is in mid to 
late October, with some individuals still active in early 
November. 

CONSERVATION STATUS 

Data deficient — possibly endangered. Synemon 
austera is only known from two localities in pastoral 
areas in the Gascoyne region of Western Australia. 


Insufficient surveys have been conducted to determine 
its conservation status. Known colonies are very local. 
Damage to the habitat and larval food plant of this rare 
sun-moth by cattle must be regarded as a serious threat. 
There are three historical and two recent records. 

HISTORICAL RECORDS 

Carnarvon, 24° 53' 00" S, 113° 40' 00" E, 23 Oct 
1886, E. Meyrick (BMNH); 9 km NE of Carnarvon, 
24° 49' 00" S, 113° 43' 00" E, 19-23 Oct 1992, E D. 
Edwards and E.S. Nielsen; 1 km S of Minilya River, 



FIGURE 42 Synemon austera. A, S Dorsal; B, S Ventral (C0814) Western Australia, Carnarvon (WAM); C, $ Dorsal; 

D, $ Ventral (C0817) Western Australia, Carnarvon (WAM). (Photos: Brian Hanich, Western Australian 
Museum.) 
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FIGURE 43 Map of Western Australia showing 
distribution of Synemon austera. 

23° 50' 00" S, 114° 01' 00" E, 21 Oct 1992, E.D. 
Edwards and E.S. Nielsen. 

RECENT RECORDS 

9 km NE of Carnarvon, 24° 48' 59" S, 113° 43' 02" E, 
12 Nov 2009, A.A.E. Williams; 9 km NE of Carnarvon, 
24° 48' 59" S, 113° 43’ 02" E, 14-15 Oct 2010, A.A.E. 
Williams. 


Synemon brontias Meyrick 1891 
(Meyrick's Sun-moth) 

Figure 44 

BRIEF DESCRIPTION 

Synemon brontias is a small, nondescript sun-moth. 
In males the basal half of the upper side of the forewing 
is grey-brown edged blackish, enclosing a small white 
median spot near the leading edge of the wing. The 
outer portion of the forewing is whitish, with a pale 
grey-brown subapical band merging into a line of small 
dark subtornal spots. The basal half of the upper side 
of the hind wing is brownish-black, the outer portion 
pale cream, with the termen edged grey-brown. On the 
underside of the forewing the basal third is brownish- 
black, the outer portion predominantly cream-yellow, 
with a large contrasting brownish black subcostal- 
postmedian spot. On the underside of the hind wing 


the basal two thirds are brownish-black, the outer third 
patterned pale brown and cream. In the female, the 
upper side forewing pattern is similar to that of the 
male, but is generally greyer with less obvious darker 
markings. The basal half of the hindwing upper side 
is brownish-black, with a small yellowish discal spot. 
The outer half is pale brownish yellow, with three or 
four pale brown subtornal spots. The termen is blackish 
brown. On the underside, the basal third of the forewing 
is brown. The outer portion is yellow, with small but 
distinct brown subcostal-postmedian and subapical 
spots. The termen is lined with very small brown spots. 
The basal half of the hindwing is blackish brown, with 
a clear yellow discal spot. The outer half is brownish 
yellow, with four or five distinct brown subterminal 
spots. The outer border is narrowly edged brown. The 
photo illustrations of S. brontias in this paper are of 
specimens from White Mountains National Park in 
Queensland, Australia. 

DISTRIBUTION 

In Western Australia S. brontias is known from 
coastal and inland sites in the Gascoyne and Pilbara 
regions (Figure 45). The type specimens, held in the 
British Museum of Natural History, were collected 
near Carnarvon on 26 October 1886 (Meyrick 1891). 
Another old specimen, also in the British Museum of 
Natural History, has a locality label ‘Sherlock River’ 
but lacks any further information. In October 1995, a 
specimen which probably belongs to this species was 
obtained at Cape Range National Park. In September 
2005, a further specimen was caught in a Malaise 
trap on Juna Downs Station in the Pilbara (E.D. 
Edwards, personal communication, 2010). Another 
individual was subsequently seen at exactly the same 
site on 23 September 2011 (A.A.E. Williams, personal 
observation). Specimens illustrated in this paper from 
northern Queensland (Figure 44) either belong here, or 
are very closely related to this species (E.D. Edwards, 
personal communication, 2015). 

LARVAL FOOD PLANT 

The larval food plant is almost certainly Golden Beard 
Grass Chrysopogon fallax S.T. Blake. Larvae, presumed 
to be S. brontias, have been found in the rhizomes of C. 
fallax at Karijini National Park, 31 km north-north-west 
of Juna Downs Station, in similar habitat to that at Juna 
Downs Station (Williams A. 2011). These larvae have 
been preserved for phylogenetic examination. 

HABITAT 

The original specimens were described as being found 
‘on the plain’ near Carnarvon (Meyrick 1891). At Juna 
Downs Station the habitat is an alluvial plain beside a 
shallow creek where Mulga {Acacia aneura ) woodland 
grows over open grassland including C. fallax. At Cape 
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Range National Park the habitat is a spinifex-dominated 
rocky slope near a dry range creek bed (A.G. Tomlinson, 
personal communication, 2005). 

BEHAVIOUR AND FLIGHT PERIOD 

Observations at Cape Range National Park and Juna 
Downs Station indicate that this species is most active in 
the mornings between 10:00 and 12:00 WST. The adult 
observed at Juna Downs Station in 2011 flew close to 
the ground in open areas between scattered dry tussocks 
of the presumed larval food plant, C. fallax (A.A.E. 
Williams, personal observation, 2011). At Juna Downs S. 


brontias flies in late September, while at Carnarvon and 
Cape Range it has been recorded in October. 

CONSERVATION STATUS 

Data deficient — possibly endangered. Although 
scanty, the historical records indicate that the species 
may be widespread across the Gascoyne and Pilbara 
regions. The paucity of recent records, however, 
suggests that the species is or has become very rare. 
Insufficient surveys have been conducted to determine 
its conservation status accurately. Known colonies are 
very local. Damage to the habitat and larval food plant 



FIGURE 44 Synemon brontias. A, S Dorsal; B, S Ventral (ANIC31052448) Queensland, White Mountains National Park 
(ANIC); C, $ Dorsal; D, $ Ventral (ANIC31036144) Queensland, White Mountains National Park (ANIC). 
(Photos: You Ning Su, CSIRO, Canberra.) 
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FIGURE 45 Map of Western Australia showing 
distribution of Synemon brontias. 

of this rare sun-moth by cattle or mining activity, must 
be regarded as serious threats. There are three historical 
and three recent records. 

HISTORICAL RECORDS 

Carnarvon, 24° 53’ 00” S, 113° 40' 00” E, 26 Oct 1886, 
E. Meyrick (BMNH); Sherlock River, location and date 
not recorded, collector unknown (BMNH); Cape Range 
National Park, 22° 07 15" S, 114° 03' 49” E, 03 Oct 1995, 
A.G. Tomlinson (TTC). 

RECENT RECORDS 

Juna Downs Station, 22° 52' 31" S, 118° 3T 49" E, 
28 Sep 2005, collector unknown; Juna Downs Station 
(sight record), 22° 52’ 29" S, 118° 3P 52" E, 23 Sep 2011, 
A.A.E. Williams; Karijini National Park (larvae), 22° 35' 
52" S, 118° 27 02" E, 24 Sep 2011, A.A.E. Williams. 


Synemon nais Klug 1850 
(Orange Sun-moth) 

Figure 46 

BRIEF DESCRIPTION 

This is a very small sun-moth, with rounded wings in 
both sexes. The upper side of the forewing is variable. 
The base colour is brownish-grey, patterned with paler 
grey and blackish markings and a small white central 


spot. The basal third of the hind wing is blackish-brown 
and encloses an orange discal spot. The remainder of 
the hind wing is orange; the outer margin has a series of 
blackish-brown spots which are often fused. In males, 
the underside of both wings is orange with brown and 
blackish-brown markings. Females are similar, but more 
extensively orange than males. 

DISTRIBUTION 

In Western Australia S. nais occurs on the Nullarbor 
Plain. This taxon also occurs in South Australia and 
Victoria. In Western Australia, the species has been 
recorded 70 km west of Caiguna, 12 km east of Madura, 
and 56 km west of Mundrabilla (ANIC Castniidae 
database). Intermediate sites have recently been located, 
between Madura and Mundrabilla, and west of Caiguna 
(Figure 47). 

LARVAL FOOD PLANT 

The larval food plants are grasses (Poaceae) 
and in South Australia include Bristly Wallaby 
Grass Austrodanthonia setacea (R. Br.) H.P Linder, 
Desert Spear Grass Austrostipa eremophila (Reader) 
S.W.L. Jacobs and J. Everett, and Rough Spear Grass 
Austrostipa scabra (Lindl.) S.W.L. Jacobs and J. Everett 
(Grund 2011). At Caiguna, in Western Australia, the 
larval food plant is Austrostipa nitida (Summerh. and 
C.E. Hubb.) S.W.L. Jacobs and J. Everett. 

HABITAT 

In the western part of the Nullarbor Plain, between 
Balladonia and Madura, the habitat is A. nitida grassland 
with small scattered patches of mallee / shrubland. 
East of Madura, below the escarpment, this sun-moth 
occurs in areas of extensive low saltbush over small 
grass tussocks. In October 2013 most of these tussock 
grasses were found to be dry, and adult sun-moths were 
only encountered along roadside drainage ditches, where 
sufficient water enabled the grasses to produce new 
growth. 

BEHAVIOUR AND FLIGHT PERIOD 

These sun-moths become active when daytime 
temperatures reach 24-25°C. On days of intermittent 
sunshine, they fly during sunny spells but remain still 
when cloud cover forms. Males set up territories, often 
in open areas within the grassland habitat. At sites 
where the sun-moths are locally common, combat flights 
between rival males are frequent (A.A.E. Williams, 
personal observation, 2013). Similar territorial behaviour 
has been recorded on the Eyre Peninsula, in South 
Australia (Grund 2011). In Western Australia, the flight 
period begins in early September and peaks in late 
September to early October. In South Australia and 
Victoria this sun-moth flies in October and November 
(Grund 2011; Douglas 2012). 
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CONSERVATION STATUS 

Data deficient. In Western Australia, S. nais is known 
from a few isolated colonies across the Nullarbor 
Plain. Suitable-looking habitat is widespread, but 
insufficient surveys have been conducted to accurately 
determine the species’ occurrence and distribution. In 
coastal South Australia it is considered local or rare 
(Grund 2011), with frequent fires being regarded as 
a threatening process. In Victoria, S. nais is listed as 
threatened under the Flora and Fauna Guarantee Act 
1988 (Douglas 2004; 2012). There are four historical 
and seven recent records. 


HISTORICAL RECORDS 

New Holland, location and date not recorded, collector 
unknown (MNHU); 43 mi. W by S of Caiguna, 32° 21' 
00” S, 127° 46’ 00” E, 14 Oct 1968, Britton, Upton and 
Balderson; 13 mi. W by S of Mundrabilla HS, 31° 53' 
00” S, 127° 38' 00” E, 16 Oct 1968, Britton, Upton, and 
Balderson; 12 km E of Madura, 31° 54' 00” S, 127° 09' 
00” E, 23 Sep 1981, D.C.F. Rentz. 

RECENT RECORDS 

4.4 km ENE of Caiguna, 32° 15' 00" S, 125° 31' 30" E, 
9 Oct 2008, K.L. Dunn (ANIC); 5 km W of Caiguna, 32° 




FIGURE 46 Synemon nais. A, S Dorsal; B, c? Ventral (C3092) Western Australia, Caiguna (WAM); C, $ Dorsal; D, £ Ventral 
(C3080) Western Australia, Caiguna (WAM). (Photos: Nikolai Tatarnic, Western Australian Museum.) 
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Albany 


FIGURE 47 Map of Western Australia showing 
distribution of Synemon nais. 


16' 40" S, 125° 25’ 50" E, 24 Sep 2012, G. Walker; 2 km 
S of Caiguna Blowhole, 32° 17' 37" S, 125° 25’ 54" E, 3 
Oct 2013, A.A.E. Williams; 12 km W of Caiguna, 32° 
17' 10" S, 125° 21' 39" E, 3 Oct 2013, A.A.E. Williams; 
35 km W of Mundrabilla, 31° 52' 29" S, 127° 51' 38" E, 
3 Oct 2013, A.A.E. Williams; 40 km W of Mundrabilla, 
31° 52' 51" S, 127° 48' 40" E, 3 Oct 2013, A.A.E. 
Williams; 5 km W of Caiguna, 32° 16' 40" S.,125° 25' 51" 
E.,3-5 Oct 2013,A.A.E. Williams. 


Synemon obscurella Westwood 1877 
(Western Cryptic Sun-moth) 

Figure 48 

BRIEF DESCRIPTION 

Synemon obscurella is a small to medium sized 
sun-moth, with rounded wings and a wingspan of 
approximately 35 mm. The upper surface of the 
forewing is patterned in variable tones of grey and grey- 
brown, and has a small but distinct central white spot. 
The upper side of the hind wing is dark grey-brown, 
with extensive paler orange-brown markings. The 
underside of the forewing is brown, with an orange- 
brown apical area and postmedian band. The underside 
of the hindwing is also brown, variably spotted with 
orange-brown markings. When settled with its wings 


closed, the white spot on the upper surface of the 
forewing is visible. Sometimes diminutive specimens 
are encountered which are much paler. Westwood 
described an extreme one of these. 

DISTRIBUTION 

S. obscurella is a Western Australian endemic. 
The northernmost record is 26 km south of Billabong 
Roadhouse, on the Great Northern Highway. Further 
south, it has been recorded 10 km north-east of Eurady 
Homestead, 26 km north of Eneabba, at Beverley, and 
at Hamel. To the south-east it has been recorded as 
far inland as Wialki, Peak Charles National Park, and 
Moirs Rock (ANIC Castniidae database). Recent records 
extend this sun-moth’s range southwards and increase 
the number of known localities in Western Australia’s 
conservation estate (Figure 49). 

LARVAL FOOD PLANTS 

The larval food plants are Tussocky Cord-rush 
Ecdeiocolea monostachya F. Muell., and the tall tussock 
grass Spartochloa scirpoidea (Steud.) C.E. Hubb (E.D. 
Edwards, personal communication, 2013). 

HABITAT 

Synemon obscurella occurs in shrublands and open 
eucalyptus woodlands, invariably close to either E. 
monostachya , or the tall tussock grass S. scirpoidea, 
which is often associated with exposed granite pavement 
or granite outcrops. 

BEHAVIOUR AND FLIGHT PERIOD 

S. obscurella is a cryptic species, its sombre grey and 
orange-brown colouration making it inconspicuous in 
flight. Males are generally seen flying round the larval 
food plants, in search of unmated females. This species 
has an extended flight period in late spring and summer. 
In its northernmost localities, it flies in October and 
November, whereas in southern and inland localities it is 
on the wing from December to January. 

CONSERVATION STATUS 

Not threatened. This species is widespread, locally 
common, and well represented in the conservation 
estate. There are nine historical and 26 recent records. 

HISTORICAL RECORDS 

Australia, location and date not recorded, collector 
unknown (HEC); Beverley, 32° 07' 00" S, 116° 56' 00" 
E, date not recorded, collector unknown; Hamel, 32° 
52' 00" S, 115° 55' 00" E, 15 Dec 1913, R. Illidge; 5 
miles W of Wialki, 30° 29' 00" S, 118° 02' 00" E, 04 
Dec 1978, M. Powell; Peak Charles National Park, 32° 
53' 00" S, 121° 10' 00" E, 01 Jan 1986, G. Daniels and 
A. Daniels (UQ); 26 km S of Billabong Roadhouse, 




THE SUN-MOTHS OF WESTERN AUSTRALIA 


143 


27° 02' 00" S, 114° 39' 00" E, 24 Oct 1992, E.D. 
Edwards and E.S. Nielsen; Moirs Rock NE of Salmon 
Gums, 32° 39' 00" S, 121° 25' 00" E, 11 Jan 1993, E.D. 
Edwards; 26 km N of Eneabba, 29° 35' 00" S, 115° 16' 
00" E, 24 Nov 1995, T.F. Houston (WAM); 10.5 km 
NE of Eurardy Homestead, 27° 29' 24" S, 114° 44' 25" 
E, 24 Nov 1998, T.F. Houston (WAM). 

RECENT RECORDS 

40 km S of Billabong Roadhouse, 27° 10' 28" S, 
114° 36' 58" E, 11 Nov 2009, A.A.E. Williams; 80 


km S of Billabong Roadhouse, 27° 29' 46" S, 114° 
43' 14" E, 11 Nov 2009, A.A.E. Williams; Kalbarri 
National Park, 27° 52' 00" S, 114° 30' 07" E, 11 Nov 

2009, A.A.E. Williams; Pallarup Nature Reserve, 
33° 14' 29" S, 119° 45' 45" E, 01 Jan 2010, A.A.E. 
Williams; Nature Reserve at Gunyidi, 30° 08' 48" 
S, 116° 04' 39" E, 12 Nov 2010, A.A.E. Williams; 
Gunyidi Nature Reserve, 30° 11' 36" S, 116° 02' 
05" E, 12 Nov 2010, A.A.E. Williams; 2 km N of 
Badgingarra, 30° 22' 35" S, 115° 29' 28" E, 09 Dec 

2010, A.A.E. Williams; 9 km N of Cataby, 30° 41' 
50" S, 115° 29' 33" E, 09 Dec 2010, A.A.E. Williams; 



FIGURE 48 Synemon obscurella. A, S Dorsal; B, (^Ventral (C2764) Western Australia, Wyalkatchem (WAM); C, $ Dorsal; 

D, $ Ventral (Cl 182) Western Australia, Nature Reserve at Gunyidi (WAM). (Photos: Brian Hanich, Western 
Australian Museum.) 
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2 km S of Cataby, 30° 46' 24" S, 115° 34' 05" E, 09 
Dec 2010, A.A.E. Williams; Yandin Nature Reserve, 
30° 46' 26" S, 115° 36' 15" E, 09 Dec 2010, A.A.E. 
Williams; Minyulo Nature Reserve, 30° 38' 32" S, 
115° 34' 30" E, 11 Dec 2010, A.A.E. Williams, F. 
Hort and J. Hort; Pallarup Nature Reserve, 33° 14' 
59" S, 119° 45' 29" E, 07 Jan 2011, A.A.E. Williams; 
Merredin Rock Bushland, 31° 28' 26" S, 118° 17' 
48" E, 11 Nov 2011, A.A.E. Williams; Merredin, 
Pioneer Cemetery, 31° 29' 18" S, 118° 16' 09" E, 
24 Nov 2011, A.A.E. Williams; Merredin, Tamma 
Parkland, 31° 29' 27" S, 118° 16' 24" E, 25 Nov 2011, 
A.A.E. Williams; Wyalkatchem Nature Reserve, 
31° 10' 14" S, 117° 24' 49" E, 25 Nov 2011, A.A.E. 
Williams; Wyalkatchem Water Catchment, 31° 09' 
47" S, 117° 21' 49" E, 03 Nov 2012, A.A.E. Williams; 
Yorkrakine Rock Nature Reserve, 31° 25' 27" S, 117° 
30' 20" E, 10 Nov 2012, A.A.E. Williams; Hartley 
Reserve, 12 km S of Corrigin, 32° 26' 31" S, 117° 
54' 04" E, 13 Nov 2012, A.A.E. Williams; 2.8 km 
S of Eneabba, 31° 25' 27" S, 117° 30' 20" E, 15 Dec 

2012, P. Hutchinson (PHC); Wicherina Reserve, E 
of Geraldton, 28° 44' 00" S, 115° 00' 56" E, 19 Nov 

2013, A.A.E. Williams; Kalbarri National Park — 
Euardy boundary, 27° 29' 42" S, 114° 31' 38" E, 04 
Nov 2014, A.A.E. Williams; Purnita Rock, 32° 50' 
30" S, 119° 32' 54" E, 30 Dec 2014, A.A.E. Williams; 



FIGURE 49 Map of Western Australia showing 
distribution of Synemon obscurella 


West Point Road, Oldfield River, 33° 32' 47" S, 120° 
32' 19" E, 30 Dec 2014, A.A.E. Williams; Northam- 
Pithara Road, Ballidu, 30° 35' 11" S, 116° 45' 29" 
E, 24 Nov 2015, F. Hort and J. Hort; Lake Logue 
Nature Reserve, 29° 51' 15" S, 115° IF 55" E, 27 Nov 
2015, A.A.E. Williams. 


Synemon phaeoptila Turner 1906 
(Northern White-spotted Sun-moth) 

Figure 50 

BRIEF DESCRIPTION 

Synemon phaeoptila is a small sun-moth with rounded 
wings. The wingspans of specimens from Western 
Australia vary from 24 to 30 mm in males and 24 
to 26 mm in females. In males the upper side of the 
forewing is pale brown, with a distinct white central 
spot; variable, gently curved white lines with contrasting 
dark brown edges radiate out from the basal area. The 
upper side of the hind wing is pale brown, merging to 
dark brown towards the outer edge. The underside of 
the forewing in the male is predominantly dark brown, 
with a somewhat obscure orange-brown terminal to 
subterminal band. The termen has a wide dark scale 
fringe. The underside of the male’s hind wing is dull 
black, with distinct silvery-grey spots and markings, 
which extend into the dorsum alongside the abdomen. 
In females the upperside of the forewing is pale grey- 
brown, with numerous pale lines radiating out from the 
base. The basal area on the upperside of the hind wing 
is grey, the remainder dull orange-brown, with several 
blurred dark brown subterminal spots. In females the 
underside basal area on both fore and hind wings is grey. 
The outer portion of the forewing is orange-brown, with 
a central white spot and four distinct elongate black 
subapical spots; the outer border is narrowly edged in 
black. The underside of the female’s hind wing is dark, 
distinctively patterned with bands of small silvery-grey 
and white spots. 

DISTRIBUTION 

In Western Australia S. phaeoptila has been found 
only on the north Kimberly coastline, immediately east 
of Borda Island (Figure 51). The species also occurs in 
the Northern Territory and in Queensland. 

LARVAL FOOD PLANTS 

The larval food plant for S. phaeoptila has not been 
recorded in Western Australia, though on the mainland 
near Borda Island it is in all probability Chrysopogon 
fallax. On the Pinkerton Range in the Northern 
Territory, 55 km east of the Western Australian border, 
Chrysopogon latifolius is a recorded larval food 
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plant (M.F. Braby, personal communication, 2016) 
(Braby 2011). 

HABITAT 

At the northern Kimberley site east of Borda Island, 
the sun-moths occur on a sandstone rise adjacent to a 
saline coastal inlet. The habitat is very open low Acacia 
and Grevillea woodland over a grassy understory 
dominated by a species of Chrysopogon. This grass is 
likely to be Chrysopogon fallax which occurs in similar 
habitat on nearby Borda Island (Greg Keighery, personal 
communication, 2016). 


BEHAVIOUR AND FLIGHT PERIOD 

On the mainland east of Borda Island, S. phaeoptila 
has been observed and filmed flying amongst dense 
green Chrysopogon sp. grasses. The sun-moths fly in 
early February and are active from mid morning to early 
afternoon. 

CONSERVATION STATUS 

Data deficient. In Western Australia, S. phaeoptila 
is only known from one coastal site in the northern 
Kimberley. Its lush Chrysopogon sp. grassland habitat 



FIGURE 50 Synemon phaeoptila. A, S Dorsal; B, S Ventral (C3472) Western Australia, north Kimberley (WAM); C, $ 
Dorsal; D, $ Ventral (C3483) Western Australia, north Kimberley (WAM). (Photos: Nikolai Tatarnic, Western 
Australian Museum.) 
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is apparently unusual in the region, where spinifex- 
dominated ground cover is more the norm (J. Koeyers 
and M. Heath, personal communication, 2016). 
Insufficient surveys have been conducted along the 
north Kimberley coastline to accurately determine 
its distribution and conservation status in Western 
Australia. It is possible that this is an undescribed 
species, as males are consistently smaller and have three 
characters which distinguish them from most Northern 
Territory specimens; females are also marginally 
different (M.F. Braby, personal communication, 2016). 
Specimens from the Northern Territory’s Pinkerton 
Range (near the Western Australian border), appear 
to be transitional in some of these characters. More 
specimens, and better quality material from the 
Kimberley is required before a thorough taxonomic 
assessment can be made (M.F. Braby, personal 
communication, 2016). We therefore provisionally 
include these Kimberley specimens with S. phaeoptila. 
There is no historical and one recent record. 

HISTORICAL RECORDS 

None. 

RECENT RECORDS 

Kimberley coast, E of Borda Island, 14° 14' 18" S, 126° 
05' 08" E, 08 Feb 2016, J. E. Koeyers. 



Albany 


FIGURE 51 Map of Western Australia showing 
distribution of Synemon phaeoptila. 


Synemon wulwulam Angel 1951 
(Golden-flash Sun-moth) 

Figure 52 

BRIEF DESCRIPTION 

This is a medium sized sun-moth, its wingspan 
varying from 30 to 42 mm. The sexes are similar, 
although females are typically larger. The shape of the 
forewing is distinctive, the termen being very rounded, 
culminating in a pointed apex. The base colour on 
the upper side of the forewing is grey-brown, with a 
contrasting greyish-white pattern that resembles the 
lateral view of a stylised face-mask. The rounded hind 
wing is dull brownish-black, the outer portion with a 
series of variable, slightly iridescent orange-brown or 
ochre-yellow markings that radiate out to the margin. 
In some individuals these markings are absent. On the 
underside, the basal area of both wings is dull black. 
The outer portion of the forewing is golden-yellow 
to brownish-yellow, with a distinct, dark subcostal 
median spot. The pattern on the outer portion of the 
hind wing resembles that on the upper surface. In 
Western Australia there is some variation in upperside 
forewing pattern between populations. Kununurra 
specimens are atypical, the face-mask pattern being 
the norm in all the other known Western Australian 
populations. (See Figure 52A-B depicting a specimen 
from Mitchell Plateau, and Figure 52C-D, depicting 
a specimen from Kununurra.). Angel (1951), notes 
that the most striking characteristic of the species is 
the large golden-yellow patch on the underside of the 
forewings. When the insect is in flight, the flashing 
of this bright patch makes the moth conspicuous and 
hence its common name. 

DISTRIBUTION 

Synemon wulwulam has a wide but disjunct 
distribution across northern Australia, from Queensland, 
through the Northern Territory, and into the Kimberley 
region of Western Australia where it is known from five 
locations: Derby (historical record), Mitchell Plateau 
round Kandiwal, Kelly’s Knob in Kununurra, Lake 
Argyle, and the Victoria Highway close to the Northern 
Territory border (Figure 53). 

LARVAL FOOD PLANTS 

The larval food plant at Kelly’s Knob, Kununurra, is 
the green form of Chrysopogon setifolius Stapf. Along 
the Victoria Highway close to the Northern Territory 
border, S. wulwulam breeds on a locally abundant blue- 
grey form of this species. In the Northern Territory, 
Plume Canegrass Sorghum plumosum (R. Br.) P. Beauv. 
is a recorded larval food plant (Braby, 2015). 
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HABITAT 

At Mitchell Plateau, S. wulwulam occurs on the rolling 
plateau uplands round Kandiwal. It is almost invariably 
found in very open woodland dominated by Ironwood 
(Erythrophleum chlorostachys) over patches of low- 
growing grasses including Chrysopogon fallax, Lemon 
Grass Cymbypogon bombycinus, and Heteropogon 
contortus. In Kununurra, the habitat on the lower slopes 
of Kelly’s Knob is open savannah woodland over C. 
setifolius tussock grassland. Near the Northern Territory 
border, the habitat is very open savannah woodland 



over a blue-grey form of C. setifolius, which grows 
extensively on well drained rocky hillsides. 

BEHAVIOUR AND FLIGHT PERIOD 

This sun-moth flies in warm to hot sunny conditions 
between 10:00 and 12:00 WST. The males are active 
amongst low-growing grasses, undoubtedly in search of 
unmated females. After midday, activity ceases abruptly. 
As these sun-moths have very reduced mouthparts, 
they must derive all their energy from stored larval fat 
reserves. The short daytime activity period may be an 



FIGURE 52 Synemon wulwulam. A, S Dorsal; B, S Ventral (C3188) Western Australia, Mitchell Plateau (WAM); 

C, $ Dorsal; D, $ Ventral (C3509) Western Australia, Kununurra (WAM). (Photos: Nikolai Tatarnic, Western 
Australian Museum.) 
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FIGURE 53 Map of Western Australia showing 
distribution of Synemon wulwulam. 

energy saving strategy, with the males only active at 
times when freshly emerged females are likely to be 
encountered. A similar flight-time was reported for 
S. wulwulam at Lake Argyle (Geoff Walker, personal 
communication, 2015). On the Victoria Highway close to 
the Northern Territory border, a freshly emerged female 
with slightly crumpled soft wings was observed at 9:30 
WST clambering up from the base of a C. setifolius 
grass tussock (A.A.E. Williams pers. obs ). Two males 
were flying round this tussock. Near Borrolooa in the 
Northern Territory, males were most active between 
11:30 and 12:00 CST. Females were observed ovipositing 
between 13:20 and 14:10 CST (Braby, 2015). In Western 
Australia S. wulwulam flies in May. 

CONSERVATION STATUS 

Data deficient. Insufficient surveys have been 
conducted to accurately determine the conservation 
status of this taxon in Western Australia. Survey effort 
to date suggests the species is probably uncommon 
and localised. Damage to the sun-moth’s larval food 
plants by grazing cattle is a likely threat. There are two 
historical and 10 recent records. 

HISTORICAL RECORDS 

Mitchell Plateau, Mining Camp, 14° 49' 00" S, 125° 
50' 00" E, 09 May 1983, J.C. Cardale; Derby (general), 
17° 19' 00" S, 123° 38' 00" E, date not recorded, collector 
unknown (MM). 


RECENT RECORDS 

Mitchell Plateau, near Kandiwal, 14° 48' 47" S, 
125° 50' 20" E, 09 May 2014, A.A.E. Williams; 
Mitchell Plateau, near Kandiwal, 14° 48' 35" S, 
125° 50' 14" E, 12 May 2014, A.A.E. Williams; 
Mitchell Plateau, near Kandiwal, 14° 48' 23" S, 125° 
39' 14" E, 12 May 2014, A.A.E. Williams; Mitchell 
Plateau, near Kandiwal, 14° 48' 50" S, 125° 49' 
54" E, 13 May 2014, A.A.E. Williams; Mitchell 
Plateau, near Kandiwal, 14° 48' 21" S, 125° 50' 43" 
E, 13 May 2014, A.A.E. Williams; Lake Argyle, S 
of Kununurra, 16° 06' 33" S, 128° 44' 00" E, 17 May 

2015, G. Walker and L. Walker; Lake Argyle, S of 
Kununurra, 16° 06' 32" S, 128° 44' 42" E, 14 May 

2016, A.A.E. Williams; Kelly’s Knob, Kununurra, 
15° 45' 48" S, 128° 44' 19" E, 16 May 2016, A.A.E. 
Williams; Victoria Hwy, 34 km SE Kununurra, 
15° 59' 31" S, 128° 58' 26" E, 18 May 2016, A.A.E. 
Williams; Victoria Hwy, 34 km SE Kununurra, 
15° 59' 09" S, 128° 57' 53" E, 19 May 2016, A.A.E. 
Williams. 


Synemon sp. "Alan Graham' 

(Queen Victoria's Sun-moth) 

Figure 54 

BRIEF DESCRIPTION 

Synemon sp. Alan Graham’ is only known from a 
single worn male specimen in the Australian National 
Insect Collection. It is a small, nondescript sun-moth 
with a wing-span of 35 mm. The ground colour on the 
upper side of the forewing is greyish-brown; near the 
leading edge of the forewing there is a white subcostal 
spot. An indistinct white line radiates out from the wing 
base into the median area of the forewing, terminating 
below a group of less distinct whitish subapical 
markings. Eight elongate whitish termen spots are 
located close to the outer margin of the forewing. The 
basal two thirds of the upper side of the hind wing, 
including the dorsum, is dark brown, and encloses 
a small but distinct yellowish discal spot. The outer 
portion of the hind wing is pale brownish-yellow, with 
a series of brown subterminal spots and markings. 
The basal area on the underside of the forewing is dull 
brown. The remainder of the underside of the forewing 
is dull brownish-yellow, with a series of elongate white 
apical spots which are edged brown subapically. The 
basal area on the underside of the hind wing is brown. 
The outer portion of the hind wing is brownish-yellow 
and encloses four subterminal brown spots. Genitalia 
(slide 16590) and leg (slide 18534) are in ANIC, 
Canberra. 
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DISTRIBUTION 

Synemon sp. ‘Alan Graham’ is only known from 
Queen Victoria Rock near Coolgardie, in the semi-arid 
zone of Western Australia (Figure 55). 

LARVAL FOOD PLANT 

The larval food plant is unknown, but is probably 
a grass species which grows in the vicinity of Queen 
Victoria Rock. This sun-moth is morphologically most 
similar to the Synemon collecta / Synemon colona 
species group, whose larvae feed on grasses (Grund 
2011 ). 

HABITAT 

Queen Victoria Rock is a large exposed granite 
outcrop fringed by sedges and grasses, which in turn 
are overshadowed by mixed shrublands and eucalyptus 
woodland. 

BEHAVIOUR AND FLIGHT PERIOD 

Nothing is known of the behaviour of this sun-moth, 
except that it flies in March. 

CONSERVATION STATUS 

Data deficient — possibly endangered. Synemon sp. 
‘Alan Graham’ is undoubtedly rare and local. Searches 
for this taxon conducted in February and March, both at 
Queen Victoria Rock and other nearby rocks, have been 
unsuccessful. Further surveys are required to locate 
additional populations and identify the sun-moth’s larval 
food plant. There is one historical and no recent record. 



FIGURE 55 Map of Western Australia showing 

distribution of Synemon sp. Alan Graham'. 

HISTORICAL RECORDS 

Queen Victoria Rock, 31° 17 32” S, 120° 55’ 32" E, 13 
Mar 1988, A.J. Graham. 

RECENT RECORDS 

None. 



FIGURE 54 Synemon sp. Alan Graham'. A, S Dorsal; B, $ Ventral, Western Australia, Queen Victoria Rock (ANIC). (Photos: 
You Ning Su, CSIRO, Canberra.) 
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Synemon sp. 'Eradu' 

(Ochre Sun-moth) 

Figure 56 

BRIEF DESCRIPTION 

Synemon sp. ‘EradiT is a small species with a wing¬ 
span of approximately 28 mm. The upper side of the 
forewing is dull grey, with a small, indistinct central 
white spot. The upper side of the hind wing is dull ochre 
orange-brown, with shadowy darker under-markings. 
The underside is grey-brown, with subdued orange- 
brown markings on both the fore and hind wings. 

DISTRIBUTION 

This sun-moth is a Western Australian endemic. It is 
known from the boundary between Kalbarri National 
Park and Eurardy Station, 95 km north of Northampton; 
from Eradu, 40 km east of Geraldton; and further south 
from Watheroo National Park, 180 km north of Perth 
(Figure 56). The original four specimens, held in the 
Queensland Museum, were collected at Eradu by J. 
Clark on 21 November 1926 (E.D. Edwards, personal 
communication, 2013). Since then two specimens have 
been found: one collected by T.F. Houston near Eurardy 
Station, the other by M.R. Williams at Watheroo 
National Park. 

LARVAL FOOD PLANT 

The larval food plant is unknown, but may be Triodia 
danthonioides (F. Muell.) Lazarides, which occurs at all 
three sites where the sun-moth has been found. 



FIGURE 57 Map of Western Australia showing 
distribution of Synemon sp. 'Eradu'. 

HABITAT 

At the northern Eurardy site S. sp. ‘Eradu’ was 
collected in an extensive area of shrubland and sedges 
growing on sandy soil. At Watheroo National Park the 
species was collected at the edge of Banksia-dominated 



FIGURE 56 Synemon sp. 'Eradu'. A, S Dorsal; B, ^Ventral (C0613) Western Australia, Watheroo National Park (WAM). 
(Photos: Brian Hanich, Western Australian Museum.) 
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woodland with a sparse shrub understory. A potential 
larval food plant identified at Watheroo National Park is 
the tall robust tussock spinifex grass T. danthonioides. 
This species extends north to Shark Bay, where it was 
seen close to the northern Eurardy site. Interestingly, 
a closely allied species, Triodia bromoides (F. Muell.) 
Lazarides, also occurs in the Shark Bay area (Greg 
Keighery, personal communication, 2013). 

BEHAVIOUR AND FLIGHT PERIOD 

Little is known of this species’ behaviour. The original 
specimens’ label data lists only the locality, date and 
collector. The specimen collected at Watheroo National 
Park was caught on 13 November 2002, and was flying 
fast along a gravel road through Banksia- dominated 
woodland, at precisely the time that S. catocaloides was 
experiencing one of its periodic mass emergences. 

CONSERVATION STATUS 

Data deficient — possibly endangered. This taxon is 
very rare and only six specimens are known to exist. 
Further surveys are needed to determine its distribution, 
larval food plant and occurrence in the conservation 
estate. There are two historical and one recent records. 

HISTORICAL RECORDS 

Eradu, 40 km E of Geraldton, 28° 41' 45" S, 115° 02' 30" 
E, 21 Nov 1926, J. Clark (QM); Kalbarri National Park / 
Eurardy boundary, 27° 30' 22" S, 114° 31' 39" E, 09 Nov 
1999, T. F. Houston (WAM). 

RECENT RECORDS 

Watheroo National Park, 30° 19' 04" S, 115° 52' 26" E, 
13 Nov 2002, M R. Williams. 

Synemon sp. 'Roper River' 
(White-veined Sun-moth) 

Figure 59 

BRIEF DESCRIPTION 

This is a medium sized distinctive sun-moth, with a 
wingspan of about 30 to 35 mm. In the male the upper 
side of the forewing is grey-brown, with a long slightly 
curved white line radiating outwards from the base. A 
series of shorter parallel white markings are located on 
the outer portion of the wing, with four less prominent 
blackish apical spots near the wing tip. The basal half 
on the upper side of the hind wing is dull black. The 
outer portion is orange-brown and encloses three or four 
black marginal spots. On the underside the base of both 
the fore and hind wing is brownish-black. The outer 
areas are dull orange to orange-brown. Both fore and 
hind wings have a series of subapical dark spots. In the 
female, the upper side of the forewing is pale greyish- 
brown, with similar but less distinct white line markings 
to those found in the male. On the upper side of the 
hind wing the basal half is brown; the outer portion is 
warm orange-brown, with a band of large, almost fused. 


black subterminal spots. The outer margin of the hind 
wing is brownish-black. On the underside the female is 
generally pale yellow-brown with the basal area tinged 
brown. The forewing has five elongate blackish-brown 
apical to subapical spots. The hind wing has a similar 
band of dark subterminal spots. 

DISTRIBUTION 

Synemon sp. ‘Roper River’ occurs sporadically in the 
top end of the Northern Territory and the Kimberley. 
In Western Australia it has only been recorded from 10 
miles (16 km) south-east of Halls Creek (Figure 58). A 
single specimen in the DAFC was collected there in May 
1944. The specimens illustrated (Figure 59) are from the 
Northern Territory. 

LARVAL FOOD PLANT 

The larval food plant has not been recorded in 
Western Australia. In the Northern Territory the sun- 
moth breeds on Golden Beard Grass Chrysopogon fallax 
S.T. Blake (Braby 2011), and Ribbon Grass Chrysopogon 
pallidus (R. Br.) Steud. (E.D. Edwards, personal 
communication, 2015). 

HABITAT 

The habitat in Western Australia has not been 
specifically identified. It is likely to occur in grassland 
where Chrysopogon sp. ribbon grasses are present. In 
the Northern Territory, adults have been recorded at 
Limnen National Park in open savannah woodland over 
grassland (Braby 2011). 



Albany 


FIGURE 58 Map of Western Australia showing 

distribution of Synemon sp. 'Roper River'. 
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BEHAVIOUR AND FLIGHT PERIOD 

Nothing is known of this species’ behaviour 
in Western Australia. An adult was recorded near 
Halls Creek in May 1944. In the Northern Territory 
adults were recorded at Limmen National Park on 
14 May 2009 (Braby 2011) and Barkly Tableland on 
6 May 2015 (M.F. Braby, personal communication, 
2015). 

CONSERVATION STATUS 

Data deficient. Synemon sp. ‘Roper River’ appears to 
have a very limited distribution in Western Australia, 


being known from only one historical record. 
Insufficient surveys have been conducted to accurately 
determine the species’ distribution and conservation 
status in Western Australia. There is one historical and 
no recent record. 

HISTORICAL RECORDS 

16 km SE of Halls Creek, 18° 20’ 00" S, 127° 46' 00" 
E, May 1944, collector unknown (DAFC). 

RECENT RECORDS 

None in Western Australia. 




FIGURE 59 Synemon sp. 'Roper River'. A, S Dorsal; B, (^Ventral, Northern Territory, 1 km north of Barkly Highway 
(MFBC); C, $ Dorsal; D, $ Ventral, Northern Territory, Nathan River Ranger Station, Limnen National Park 
(MFBC). (Photos: Michael Braby, CSIRO, Canberra.) 
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DISCUSSION 

SPATIAL DISTRIBUTION AND DIVERSITY 

The diversity of the Western Australian sun-moth 
fauna is the highest of any State in Australia. In 
particular, the south-western region, roughly south of 
a line running from Geraldton to Caiguna, supports 
the richest sun-moth fauna, with 24 of the 29 species 
recognised in this paper. Twenty two of the 24 south¬ 
western species (92%) are endemic to the region. The 
heavily weighted distribution of sun-moth species in the 
south-western region is very evident in Figure 63. 

This sun-moth diversity is inextricably linked to 
the distribution and abundance of their food plants: 
those sun-moths which use larval food plants that are 
common and widespread also tend to be common and 
widespread. Examples include S. catocaloides, which 
uses the widespread Tussocky Cord-rush ( Ecdeiocolea 
monostachya), and S. jcaria, which uses the very 
widespread Scented Mat-rush ( Lomandra effusa ). 
Conversely, S. sp. ‘Victoria Rock’ has a locally restricted 
distribution because its larvae feed on Lepidosperma 
drummondii , which in the Goldfields and Great Western 
Woodlands appears to grow only on isolated granite 
outcrops. 

There are a number of reasons for the diverse nature 
of Western Australia’s Castniidae fauna. The first is 
that south-western Western Australia encompasses 
the Southwest Australian Floristic Region, which is 
recognised as a global hotspot of plant biodiversity 
(Hopper and Gioia 2004). The habitat occupied by south¬ 
western sun-moths is frequently species rich open low 
heath and woodland. Amongst the vast array of plant 
species found in this vegetation type are numerous 
sedges (Cyperaceae), mat-rushes (Asparagaceae), 
cord-rushes (Ecdeiocoleaceae), and grasses (Poaceae). 
Many species within these four plant families have 
rhizomatous root systems upon which sun-moth larvae 
are able to feed. Places where these plants are numerous 
frequently support two or more species of sun-moth. 
Combined with the availability of larval food plants is 
an abundance of spring flowering shrubs and annuals. 
These plants provide a rich nectar energy source for 
insects, including adult spring flying sun-moths. Almost 
all spring flying sun-moth species are equipped with a 
coiled retractable proboscis and likely live for extended 
periods, replenishing their energy by drinking nectar. 
The exception is S. edwardsi , which flies in late spring 
but has a reduced relict proboscis. 

Another factor which enhances diversity among 
south-western sun-moths is that different species 
fly at different times of the year. Rather than flying 
in spring, some species emerge during summer or 
autumn. Both of those aspects of diversity have been 
documented at Wyalkatchem Nature Reserve, where 
six sun-moth species are known to occur (Williams 
and Williams 2013a). These sun-moths fly in spring, 
summer and autumn, with little overlap in their flight 
periods. Where they do overlap, each sun-moth species 


uses a different larval food plant. Three species, S. 
catocaloides, S. nupta and S. sp. ‘Perth’, may be seen 
together at Wyalkatchem in spring. The fourth species, 
Synemon obscurella, tends to fly in early and mid 
summer, whereas S. sp. ‘Bob Hay’ does not appear until 
February; the sixth species, S. jcaria , flies in February 
and March, but in quite different woodland habitat and 
using a different larval food plant, Scented Mat-rush {L. 
effusa) (Williams A. et al. 2012; Williams and Williams 
2013a). These latter three sun-moths, which appear in 
the hot, dry summer and in autumn at Wyalkatchem, 
fly at times when there are few if any flowering plants, 
so that nectar is not readily available. The mouthparts 
of these species have become greatly reduced (Williams 
and Williams 2013a); instead of relying for energy on 
nectar, they rely on body fats accumulated during the 
larval stage. The individual adult lifespan of these non¬ 
feeding summer flying species may be only a few days. 
However, not all summer flying sun-moths are unable to 
feed. For example, S. sp. ‘Ravensthorpe’ has a functional 
coiled proboscis, presumably because it occurs near the 
coast, where some plants still flower in December and 
early January. 

Another interesting finding is that two sun-moths, 
common in the south-western region, S. catocaloides 
and S. obscurella, use the same larval food plant (E. 
monostachya ). At Wyalkatchem, these two sun-moths 
fly at different times of the year: S. catocaloides in 
October and S. obscurella in November and December. 
Ecdeiocolea monostachya forms large, robust clumps, 
and is often dominant and widespread where it occurs. 
It is able to withstand the impact of two species of 
Castniidae larvae feeding simultaneously on its deep 
rhizomes. It is possible that larvae of a third species, S. 
sp. ‘Bob Hay’, may also feed on E. monostachya, but this 
has not been definitely confirmed. 

In contrast to the richness of sun-moths in the south¬ 
west of the State is the paucity of species in the north 
(Williams A, 2011). The reason for this disparity may 
simply be a lack of suitable sedge food plants in north¬ 
western Australia; instead grasses predominate, and 
these appear to be the only larval food plants. The five 
sun-moth species found in northern Western Australia 
generally occur in tropical or sub-tropical savannah 
woodlands, where grasses make up the bulk of the 
understory. The larval food plants for S. austera, S. 
phaeoptila, S. wulwulam and S. sp. ‘Roper River’ are 
native grasses, and the same is likely to be true of S. 
brontias (Braby 2011, 2015; Williams A. 2011). 

It is interesting that, although there are so few 
northern species, they follow a similar flight-time 
separation pattern to those in the south. Of the three 
species known from the Kimberley, two, S. wulwulam 
and S. sp. ‘Roper River’, fly in May at the start of 
the northern dry season; one, S. phaeoptila, flies in 
February at the peak of the hot summer wet season. The 
two species known from the Pilbara and Gascoyne fly in 
spring (September to November), S. austera somewhat 
later than S. brontias. 
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REMARKS ON TAXONOMIC STATUS AND 
MORPHOLOGICAL CHARACTERS 

The sun-moth species occurring in the south-west of 
the State typically have distinctively coloured red, yellow 
or orange hind wings. This is not so for the five northern 
species, all of which have dull-coloured hind wings. The 
reason for this difference is unclear. One feature that is 
common to all Australian sun-moths (with the notable 
exceptions of S. directa and S. sp. ‘Victoria Rock’) is 
the cryptic pattern on the upper side of their forewing. 
In their settled posture, with wings folded back over the 
body, this pattern is a very effective camouflage. 

Twenty-six of the 29 species recognised in this paper 
can usually be distinguished from each other by wing 
pattern alone: 

1. Synemon sophia species group: S. catocaloides, S. 
leucospila, S. maja, S. nupta, S. sophia, S. sp. ‘Bob 
Hay’, S. sp. ‘Mount Ragged’, S. sp. ‘Yarloop’. 

2. Synemon directa species group: S. directa, S. sp. 
‘Victoria Rock’. 

3. Synemon magnifica species group: S. notha, 
S. sp. ‘Moirs Rock’, S. sp. ‘Mount Dale’, S. sp. 
‘Ravensthorpe’. 

4. Synemon laeta species group: S. edwardsi, S. 
gratiosa, S. jcaria. 

5. Synemon ‘grass-feeding’ species group: S. austera, 
S. brontias, S. nais, S. obscurella, S. phaeoptila, S. 
wulwulam, S. sp. ‘Alan Graham’, S. sp. ‘Eradu’ and S. 
sp. ‘Roper River’. 

The remaining three species, S. sp. nr. discalis, S. 
sp. ‘Leeman’ and S. sp. ‘Perth’, which belong to the 
Synemon sophia Species Group, are more problematic 
because they have similar wing patterns and colouration 
(Figures 14, 16 and 20) and their species status is yet 
to be formally determined. Of particular interest is the 
group of sun-moths which in this paper are lumped 
together under E.D. Edwards’ interim name tag S. sp. 
‘Perth’. These sun-moths cover a wide area within the 
south-western region (Figure 21), and their hind wing 
colour pattern varies from orange to orange-yellow. 
It is unclear whether this is an exceptionally variable 
and widespread species, or whether it comprises a 
number of closely related species. Genetic examination 
of specimens from across the range will be needed to 
clarify the situation. The similar looking species, S. 
maja (Figure 6) and S. sp. nr. discalis (Figure 14) are 
genetically distinct (Williams M. et al 2012). Synemon 
sp. nr. discalis from Western Australia and Synemon 
discalis from eastern Australia can be distinguished 
on wing pattern alone, (Fabian Douglas, personal 
communication 2015), but their genetic relationship has 
yet to be tested. The taxonomic relationships of several 
Western Australian sun-moths are currently unclear 
and the relationships of some Western Australian 
populations with those of eastern Australia is being 
studied using molecular phylogenetics by A. Rallies 


and M.R. Williams. Initial genetic comparisons of a 
few Western Australian species (Williams M. et al. 
2012) has shown that S. sophia and S. sp. ‘Yarloop’ 
are a pair of closely related species, and that S. sp. 
‘Perth’ and S. sp. ‘Leeman’ are another such pair. The 
only Western Australian sun-moth for which detailed 
phylogenetic information is available is S. gratiosa. 
Phylogenetic analysis has shown it to be a single 
(monophyletic) entity (Williams M. et al. 2012), with the 
morphologically similar species S. jcaria as a very close 
relative. These two species are related to S. edwardsi, 
which flies in spring (Williams M. et al. 2012; Williams 
and Williams 2016a). 

LIFE HISTORIES 

The life histories for most sun-moths are either 
incompletely known or have not been formally 
documented, but the life cycle patterns are essentially 
the same for all species. Only the life history of 
Synemon magnifica from near Sydney, New South 
Wales, has been studied in detail (Common and 
Edwards 1981). Adult female sun-moths possess a 
retractable ovipositor with which to ‘deposit’ eggs 
singly into the soil or sand at the base of the larval food 
plant. Upon hatching, the young larva then chews its 
way into the leaf bases and heads downwards to feed 
inside or beside the plant’s rhizome and developing leaf 
shoots. Pupation takes place within an upright tubular 
structure, the top of which sits at or protrudes above 
ground level at the base of the food plant. The duration 
of life cycles may vary considerably depending on 
seasonal conditions, especially for those species which 
emerge in summer or autumn. For example, with S. 
gratiosa, small and medium sized larvae are often 
found at the same time as both adults and pupae. This 
indicates that larval duration may be anything from 
one to three years. In a pilot trial to translocate larval 
food plants, S. gratiosa food plants were potted and 
observed ex-situ. Although most of the plants died, the 
larvae they held survived for extended periods even 
after the plants had died — suggesting that larvae 
have the ability to remain quiescent for long periods 
(Williams M. et al. 2012). 

LARVAL FOOD PLANTS 

Typically it is the requirements of the immature 
life stages that define habitat quality for insects. For 
butterflies and day flying moths, the importance of how 
densely their host plants occur has been demonstrated 
both in Western Australia and elsewhere (Dennis et 
al. 2004; Dover et al. 2008). Because of this obligate 
dependence of sun-moths on suitable plants for breeding, 
the potential habitat is determined by the distribution 
of their host plants (Williams M. et al. 2012). In 
Western Australia sun-moths are known to breed on 
monocotyledons belonging to four plant families, the 
sedges (Cyperaceae), mat-rushes (Asparagaceae), cord- 
rushes (Ecdeiocoleaceae) and grasses (Poacaeae). Of the 
21 Western Australian sun-moths for which larval food 
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plant data is available (Table 1), at least eleven use sedges 
(Cyperaceae), three use mat-rushes (Asparagaceae), two 
use cord-rushes (Ecdeiocoleaceae) and six use grasses 
(Poaceae). Where multiple plant species are used by one 
sun-moth species, they usually belong to the same plant 
family. The exception is S. obscurella, which uses both 
Ecdeiocoleaceae and Poaceae. For eight species the larval 
food plant has not been identified. The relations between 
the phylogeny of the Western Australian sun-moths and 
their choice of host plants will furnish an interesting 
study of how the moths and plants coevolved. There is a 
proposal that Chamaexeros fimbriata , the food plant for 
S. edwardsi, should be placed in the genus Lomandra 
(Greg Keighery, personal communication, 2016), in which 


case the three related sun-moths S. gratiosa, S. jcaria and 
S. edwardsi would all use food plants belonging to the 
same genus. 

TEMPORAL DISTRIBUTION 

The longer days and warming sunshine of spring 
appear to trigger the emergence of spring flying sun- 
moths in south-western Western Australia (Williams 
and Williams 2016b). In species which have an 
extensive north-south distribution, the northernmost 
populations always fly first. Only later, as the 
conditions in the south become warmer, do the southern 
populations begin to emerge. Synemon catocaloides 
is a typical example of this pattern: the sun-moths 


TABLE 1 LarvaI food plants of Western Australian sun-moths. (Sources: personal communication ME Braby, M. 

Peterson; personal observation E.D. Edwards, A.A.E. Williams, M.R. Williams.) 


Sun-moth species 

Larval food plants 

Plant family 

Synemon directa 

Lepidosperma gladiatum, Lepidosperma tetraquetrum 

Cyperaceae 

Synemon sp. ‘Moirs Rock’ 

Lepidosperma sanguinolentum, Lepidosperma sp. 

Cyperaceae 

Synemon sp. ‘Victoria Rock’ 

Lepidosperma drummondii 

Cyperaceae 

Synemon nupta 

Lepidosperma rigidulum 

Cyperaceae 

Synemon leucospila 

Lepidosperma tenue 

Cyperaceae 

Synemon sp. ‘Mount Dale’ 

Mesomelaena tetragona 

Cyperaceae 

Synemon sp. ‘Bob Hay’ 

Mesomelaena preissii 

Cyperaceae 

Synemon sp. ‘Perth’ complex 

Mesomelaena pseudostygia 

Cyperaceae 

Synemon sp. ‘Leeman’ 

Schoenus lanatus 

Cyperaceae 

Synemon sp. nr. discalis 

Gahnia lanigera 

Cyperaceae 

Synemon sp. ‘Ravensthorpe’ 

Gahnia ancistrophylla 

Cyperaceae 

Synemon gratiosa 

Lomandra hermaphrodita, Lomandra maritima 

Asparagaceae 

Synemon jcaria 

Lomandra effusa 

Asparagaceae 

Synemon edwardsi 

Chamaexeros Jimbriata 

Asparagaceae 

Synemon catocaloides 

Ecdeiocolea monostachya 

Ecdeiocoleaceae 

Synemon obscurella 

Ecdeiocolea monostachya 

Ecdeiocoleaceae 

Synemon obscurella 

Spartochloa scirpoidea 

Poaceae 

Synemon nais 

Austrostipa nitida 

Poaceae 

Synemon austera 

Chrysopogon fallax 

Poaceae 

Synemon wulwulam 

Chrysopogon setifolius 

Poaceae 

Synemon phaeoptila 

Chrysopogon latifolius (NT record) 

Poaceae 

Synemon sp. ‘Roper River’ 

Chrysopogon fallax, Chrysopogon pallidus (NT records) 

Poaceae 
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FIGURE 60 Wanagarren Nature Reserve (2014) showing grasstree (Xanthorrhoea preissii) woodland over tussocks of 
Lomandra maritima, the larval food plant of the graceful sun-moth Synemon gratiosa. (Photo: Andrew Williams.) 


at its northernmost sites emerge in August and early 
September, whereas those in the south do not fly until 
October. For the autumn flying S. gratiosa , which 
also has an extensive north-south distribution, the 
situation is reversed — only after the heat of summer 
has moderated do these sun-moths start to fly. Synemon 
gratiosa occurs from the south coastal town of 
Binningup to Murchison House Station near Kalbarri, 
600 km to the north. Unlike the spring flying species, 
the first S. gratiosa emerge at their southernmost 
sites, where shorter days with cooler temperatures 
are experienced first. At Binningup, S. gratiosa flies 
in early February, and the emergence of this species 
progresses northwards over time, so that at Murchison 
House Station individuals finally emerge in mid March 
to early April (Williams and Williams 2016b). 

Seasonal weather may also influence the flight period 
of some species. For example, this is the case for S. 
edwardsi , which occurs in the central and southern 
Wheatbelt. Initial monitoring has shown that its flight 
period is only two weeks and that the timing of its 
emergence varies from year to year. In dry years it 
appears in early November, but in cooler, wetter seasons 
it does not fly until much later in the month (Williams 
and Williams 2013b). 

RESPONSE TO FIRE 

South-western Western Australia has a Mediterranean 
type climate, characterised by hot, dry summers and 
cool, wet winters. Hot summer wildfires occur regularly 


across the landscape, and over time a remarkable 
number of plant species have evolved the ability to 
survive in this fire-prone environment (Hopper and 
Gioia 2004). The same is true for the local Castniidae 
fauna, whose life-cycles are particularly well suited to 
coping with the effects of fire. 

Most Australian Lepidoptera have larvae which 
feed above ground on the leaves, shoots and flowers 
of various plants. This is not so with the Australian 
Castniidae: their immature stages develop underground, 
within the root rhizomes of their various monocotyledon 
food plants. Hence at least some species are known 
to be able to survive the passage of a fire. This has 
been observed at Landsdale Conservation Reserve, 
an isolated patch of native bushland within Perth’s 
northern suburbs. This area of Banksia woodland was 
entirely burnt in January 2009. The following year adult 
graceful sun-moths S. gratiosa were nonetheless present 
on the reserve (David Pyke, personal communication, 
2010). Synemon gratiosa has been recorded flying there 
each year since that time (A.A.E. Williams, personal 
observations, 2011-2016). In January 2016 a large 
proportion of Wanagarren Nature Reserve, 130 km 
north-north-west of Perth, was burnt in a hot summer 
wildfire. Subsequent monitoring along preestablished 
transects in Wanagarren Nature Reserve revealed that 
S. gratiosa had survived the fire. Freshly emerged 
adults were observed flying well within the scorched 
landscape, only a month after the fire, in early February 
2016 (A.A.E. Williams and R.A.M. Coppen, personal 
observation, 2016) (Figures 61-62). 
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FIGURE 61 Wanagarren Nature Reserve after the summer wildfire in January 2016. (Photo: Andrew Williams.) 



FIGURE 62 


Freshly emerged S. gratiosa perched on a partially scorched shrub stem within the burnt portion of Wanagarren 
Nature Reserve (March 2016). Note the raised 'shoulder tufts' so characteristic of this sun-moth species group. 
(Photo: Andrew Williams.) 
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In late December 2010, another Castniidae species, 
S. sp. ‘Mount Dale’, was locally abundant in a recently 
burnt area in the Jarrah ( Eucalyptus marginata ) and 
Marri (Corymbia calophylla ) forest inland from Perth. 
Regenerating Mesomelaena tetragona sedges (the sun- 
moth’s larval food plant) were numerous amongst the 
recovering understory plants. Sun-moths often flourish 
in freshly burnt areas, perhaps because for a period these 
are effectively ‘fire-safe zones’. It is therefore possible 
that the forest dwelling Castniidae benefitted during the 
period when Aboriginal patchwork burning took place, 
prior to European settlement. 

Also very interesting is the response to fire of S. sp. 
‘Perth’, particularly in areas where S. sp. ‘Perth’ and S. 
sp. ‘Yarloop’ coexist. In the Perth metropolitan area, S. 
sp. ‘Perth’ normally flies in November. However, after 
a fire, it emerges much earlier than normal, and may be 
abundant in October; in newly burnt areas, S. sp. ‘Perth’ 
temporarily displaces S. sp. ‘Yarloop’, which round Perth 
is normally the first spring flying sun-moth to appear. 
Similar altered flight-time emergence has been noted in 
Badgingarra National Park, 175 km north of Perth. In 
October 2009, a freshly burnt protective firebreak, 200 
metres wide, had been installed in bushland immediately 
west of Badgingarra townsite. Within this burnt area S. 
sp. ‘Perth’ was abundant in October 2009. Synemon sp. 
‘Yarloop’ was not encountered in the burnt area, but was 
present in adjacent unburnt bushland and along a slash- 
mowed (unburnt) perimeter beyond the town’s newly 
burnt firebreak. 

The ability of sun-moths to survive fire is not confined 
to southern species. At Limmen National Park in the 
Northern Territory, Braby (2011) recorded freshly emerged 
S. sp. ‘Roper River’ in an area where their grassland 
habitat had been extensively burnt three days earlier. 

HILL-TOPPING BEHAVIOUR 

Synemon sp. ‘Mount Ragged’ is a remarkably 
strong flier. It is the only Australian sun-moth known 
to exhibit deliberate hill-topping behaviour (see 
Common and Waterhouse 1981 pp. 59-62). Hill-topping 
behaviour has been reported for S. jcaria (Douglas 
2007), but this is based on one observation by O.F. 
Noelker in February 1993. O.F. Noelker reportedly saw 
four male S. jcaria ‘hill-topping’ on a large sand-hill in 
the Big Desert, Victoria. On a subsequent visit to this 
site, Fabian Douglas and Allen Sundholm observed 
one male S. jcaria defending a confined territory at the 
top of the hill, noting the behaviour it exhibited was 
very similar to normal S. jcaria territorial behaviour in 
the Big Desert (Douglas 2007, p. 124). We consider it 
likely that O.F. Noelker’s observation was nothing more 
than S. jcaria males competing for territory. Synemon 
gratiosa is closely related to S. jcaria. In Western 
Australia, it is not uncommon to find up to three S. 
gratiosa males on a single sandhill, each defending a 
discreet territory on the upper slopes round the summit 


of the hill. In these instances, periodic spiralling flights 
by two, three or even four males are commonplace. In 
Western Australia S. jcaria has not been recorded on 
large sandhills, but the species is regularly found on 
low sand ridges where males actively patrol and defend 
small territories. On the Evanston-Menzies Road west 
of Menzies, S. jcaria males have also been observed in 
territorial combat flights over patches of the larval food 
plant, L. effusa, along the edge of a small saline lake 
(A.A.E. Williams, personal observation, 2016). 

THREATS TO THE SURVIVAL OF WESTERN 
AUSTRALIAN SUN-MOTH SPECIES 

In Western Australia, the vast majority of the sun- 
moths (24 of the 29 species) are found in the south¬ 
western part of the State (Figure 63). Many occur 
in what is now the Western Australian ‘Wheatbelt’ 
— a region dominated by broadscale agriculture, 
and almost completely cleared of natural vegetation. 
Prior to European settlement, this region must have 
supported an astoundingly diverse flora (see Keighery 
and Keighery 1981), and the invertebrate fauna would 
have been equally diverse. An indication of this may 
be deduced from the fact that relatively small bushland 
remnants (such as Wyalkatchem Nature Reserve) still 
retain as many as six sun-moth species (Williams and 
Williams 2013a). There is no evidence that any of the 
Western Australian sun-moths have become extinct 
since European settlement. For many sun-moth species, 
however, clearing and fragmentation of habitat have no 
doubt reduced both the extent of their occurrence and 
the area of occupied habitat. 

For one Western Australian endemic species, the 
graceful sun-moth (S. gratiosa ), the impacts of habitat 
loss have been quantified and mapped. The detailed 
studies of this species (Williams M. et al. 2012), and 
of the golden sun-moth {Synemon plana ) in eastern 
Australia (ACT Government 1998, Gibson and New 
2007, DEWHA 2009a, 2009b), serve as examples 
that are likely to reflect the patterns of habitat loss 
of most other sun-moths. For these two species, the 
clearing of habitat has fragmented their previously 
continuous distributions. These remnant populations 
are now isolated from one another and, because of the 
moths’ poor dispersal abilities, are potentially at risk 
of extinction. Synemon gratiosa has already become 
locally extinct at several sites where it was previously 
known to occur (Williams M. et al. 2012). 

The past and ongoing loss and degradation of habitat, 
and the resultant fragmentation of that which remains, 
wifi have important and perhaps dire consequences for 
sun-moth populations and even entire species. Western 
Australia is not alone in this regard: in South America, 
the ongoing destruction of native habitat means that 
several giant butterfly-moth species (also Castniidae) 
may now be threatened or declining (Gonzales 2004; 
Rios and Gonzales 2011). 
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Habitat destruction from urban development 
particularly threatens those Western Australian sun- 
moths (and butterflies) which have coastal or near 
coastal distributions (Williams M. 2009). In the case 
of S. gratiosa , land clearing is projected to lead to 
the loss of 15-20% of its entire population within ten 
years (Williams M. 2012). Moreover, much of the Swan 
Coastal Plain round Perth is very fragile, being made 
up of vegetated sand dunes of varying ages (Seddon 
1972). The species rich heathland and sedgeland on 
these sandy soils are very easily disturbed, allowing 
invasive exotics (especially the veldt grasses Ehrharta 
calycina Sm. and Ehrharta longiflora Sm.) to become 
established and out compete the native plants. This 
includes the native monocotyledons upon which 
Castniidae depend. 

Even where relatively large tracts of urban bushland 
have been set aside for conservation or recreation, 
inappropriate management has at times had damaging 
consequences for sun-moths. For example, at Whiteman 
Park, north of Perth, overgrazing by uncontrolled 
numbers of western grey kangaroos ( Macropus 
fuliginosus ) in the Banksia woodland has depleted 
the larval food plant of S. gratiosa to such an extent 
that the sun-moth no longer survives there. At Bold 
Park, physical disturbance of the fragile sandy dune 
soils, where Lomandra maritima is still present, has 
allowed invasive veldt grasses to dominate the native 
plant understory. Previously open spaces between L. 
maritima larval food plants have now been occupied by 
dense veldt grasses. The result is that the open sandy 
patches where male S. gratiosa would normally establish 
territories have now gone. The habitat no longer 
supports graceful sun-moths (A.A.E. Williams, personal 
observation, 2011). 

Perth’s rapid population growth in recent years has 
resulted in greatly increased recreational use of off-road 
vehicles and motorbikes in the State forests inland of 
the city. In the last five years considerable damage has 
been inflicted on winter-wet areas within the forest. 
These seasonal forest wetlands are important habitat 
for a number of Castniidae, and Brachodidae day 
flying moths; if this uncontrolled recreational activity 
continues unabated, then irremediable damage to some 
seasonal wetland-dependant invertebrate populations is 
inevitable. 

Along some of the fresh-water streams on the Darling 
Scarp, particularly in built-up areas, the introduced 
Bugle Lily ( Watsonia meriana var. bulbillifera ) is a 
serious invasive weed. This species has choked out 
native stream-line plants including the once dominant 
native sedge Lepidosperma tetraquetrum. As this sedge 
is a larval food plant for S. directa , the local extinction 
of the sedge equates to a corresponding loss of breeding 
habitat for the sun-moth. 


In the semi-arid zone S. sp. ‘Victoria Rock’ is found 
on granite outcrops where its food plant L. drummondii 
survives, relying on the seasonal run off of rainfall from 
the rocks. In many cases, long water catchment barriers 
made from slabs of exfoliated stone have been cemented 
on the rocks to channel water into dams or reservoirs. 
As a result, water run off previously available to the 
fringing vegetation has been reduced, diminishing the 
abundance and quality of the sun-moth’s larval food 
plant. In northern Western Australia large cattle stations 
will most likely continue to degrade habitat where sun- 
moths may still exist. Cattle trampling and grazing 
pressure on ribbon grassland habitat along watercourses 
in the Gascoyne region are likely to be a threat to the 
survival of S. austera. 

Climate change is projected to bring a drying 
trend across south-western Western Australia, with 
forecasts of less predictable rainfall and greater 
aridity (Indian Ocean Climate Initiative 2012). This 
change has been identified as a potential threat for 
S. edwardsi , particularly in the northern parts of its 
range, where it occurs in isolated bushland remnants 
in the Wheatbelt (Williams and Williams 2013b). In 
time, S. gratiosa may also be threatened, if the drying 
climate reduces the density of its larval food plant, 
Lomandra hermaphrodita, in the Banksia woodlands 
round Perth. Rapid die-off of previously healthy large 
food plants has been noted in years of below-average 
winter rainfall, with no evidence of recruitment of 
young plants. (A.A.E. Williams, personal observations, 
2010-2016). This drying trend and its overall effects on 
the vegetation of the Swan Coastal Plain have been well 
documented by Froend et al. (2011). The full impact of 
climate change on the larval food plants of the Western 
Australian Castniidae is yet to be experienced. Because 
sun-moths have an obligate dependence on specific 
plants for breeding, the distribution and health of these 
native food plants are crucial for their survival. If sun- 
moth larval food plants suffer or are unable to persist 
because of changing weather patterns, then the sun-moth 
populations will inevitably decline or disappear. Only 
Synemon plana , at western Belconnen in Canberra, 
ACT, is known to have adapted to an introduced exotic 
grass as an alternative larval food plant (Braby and 
Dunford 2006). 

FUTURE CONSERVATION 

The conservation status ‘not threatened’ is proposed 
for eleven of the 29 Castniidae species recognised in 
this paper: S. catocaloides, S. leucospila, S. nupta, S. 
sp. ‘Bob Hay’, S. sp. nr. discalis, S. sp. ‘Perth’, S. sp. 
‘Yarloop’, S. directa, S. sp. ‘Mount Dale’, S. jcaria. S. 
obscurella. Twelve species, S. sp. ‘Leeman’, S. maja, 
S. sp. ‘Victoria Rock’, S. notha, S. sp. ‘Moirs Rock’, S. 
sp. ‘Mount Ragged’, S. sp. ‘Ravensthorpe’, S. edwardsi, 
S. nais, S. phaeoptila, S. wulwulam, S. sp. ‘Roper 
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River’ are considered ‘ data deficient ’, while five, S. 
sophia, S. austera, S. brontias, S. sp. ‘Alan Graham’ 
and S. sp. ‘Eradu’ are considered ‘data deficient — 
possibly endangered’. One species, S. gratiosa, is 
listed Federally as ‘near-threatened’ and as a ‘priority 
4’ species under Western Australian State legislation 
(Williams M. 2012). This is the only Western 
Australian sun-moth species for which comprehensive 
survey work has been completed, and currently the 
Department of Parks and Wildlife is monitoring 
selected populations of this species from Binningup in 
the south to Kalbarri in the north. 

For those sun-moth species listed in this paper as 
‘not threatened’, regular monitoring of their presence 
or absence at selected sites is nonetheless important. 
For the twelve species listed as ‘data deficient’, further 
surveys are essential to determine their distributions 
accurately, and where possible identify their larval 
food plants, so that any potential vulnerability can be 
assessed. The five rarest and least known species, which 
are listed as ‘data deficient — possibly endangered’, 
require dedicated searches for new populations. 
Priority should be directed towards them. Studies are 
needed to determine their larval food plants in order 
to formulate effective conservation management plans. 
The responsible authority for the conservation and 
management of Western Australia’s flora and fauna is 
the Department of Parks and Wildlife. 



FIGURE 63 Map of Western Australia showing the 
concentration of Castniidae in the south¬ 
western region. 


As it is likely that many sun-moth species will be 
increasingly threatened in the future, it would seem 
desirable to promote public awareness of them and 
their needs, and to involve interested members of 
the public in research and management projects (for 
instance, growing known or suspected food plants) on 
public or private land. Such involvement could provide 
information relevant to the formulation of effective 
conservation management plans, such as the feasibility 
of protecting sun-moth populations by expanding their 
habitat, and perhaps the abilities of some of the sun- 
moth species to disperse and colonise new sites. 
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